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OI. HISTORY AND BACKGROUND OF THE APPLICATION
1. History

This New Drug Application deals with a new preparation of a
drug historically established in cardiology for forty-five years.
: Procainamide hydrochloride, a quinidine-like class IA o —-
- antiarrhythmic, was derived from the local anaesthetic procaine by
replacement of an amide for an ester linkage.

Mautz observed in 1939 that procaine elevated the
stimulation threshold of ventricular muscle in the frog. Procaine -
administered iv to anesthetized human subjects suppresses- T
_ventricular arrhythmias but without general anaesthesia causes .. -
unacceptable CNS stimulation S - o

Procaine's rapid hydrolysis suggested that its antiarrhythmic = .
action might be directed through one of its metabolites. Derivatives_ .
were screened by measuring their ability to protect against
ventricular tachycardia produced by epinephrine in anesthetized
dogs.

Diethylammoethanol was shown to have antiarrhythmic
activity less than the parent compound but with much reduced
toxicity, unlike the other derivatives studied.

Therefore the search was on to develop a stable related .
" compound that would have an enhanced antiarrhythmic effect . o
without toxicity. , . -
W.A. Lott, an E.R, Squibb and-Sons staff chemist, suggested
- and synthesized procainamide which in 1950 came into use as an
antiarrhythmic alternative to its classmate quinidine.’

Procainamide's place for chronic treatment -- suppression'
or prophylaxis of ventricular and atrial arrhythmias -- was limited

. develop a lupus erythematosus syndrome and (2) the-short half-life
of the immediate release oral preparation (2.5 - 5 hours) requiring —

'Mark, LC et al, The Physiological Disposition and Cardlac Effects of Procaine Amide, J

Pharmacol Exp Ther 1951;102: 5
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nominal q 3 h dosing --making compliance difficult for the elderly
patients who are the usual candidates for antiarrythmics.

Thus to expand oral procainamide's outpatient use pari
passu with improvements in pharmaceutical engineering (and
doubtless with the expiration of Squibb's patent) several -
manufacturers developed nominal qid extended release
preparations, including Procan SR by current sponsor approved on
the basis of bioequivalency studies by the Division of Generlc

‘Drugs in 1980.

Qid is more convenient than q 3 h but still irksome. The
next step was to develop and test a*bid preparation. But by this
time (1987) the climate of drug approval, understanding of —=-
pharmacodynamics, and ideas about the risk-benefit ratio of anti-
arrythmics had changed. :

Despite the development of serum procainamide dssays,
effective dose has to be sought clinically. Because of the lack of
direct correlation between serum levels.and clinical effect; also
because of genetic and physmloglc differences in metabolism, dose
and interval need to be tailored to the individual. There is some
irony to the commercial drive to develop established interval .
preparations for a drug that should not be given at a fixed interval;
the name Procanbid has been approved for what should in theory
be only approximately a bid preparation. A,

2. Background of the Apphcatlon

"In the wake of FDA rejection of several petitmns requesting
approval of sustained release procainamide on the basis of
bioavailability studies, PARKE-Davis requested a meeting with the
Cardiorenal Division to clarify what would be required for approval
of their proposed bid procainarmde o —

During the ﬁrst meeting, 3 December 1987, Division
recommended a single clinical trial of parallel titrated design
comparing the proposed new formulation with an approved
procainamide formulation and placebo across a wide dose range.

FDA Office of Drug Evaluation Director Robert Temple
himself outlined in 1982 the problems which arise with a two-arm

~ active medicine trial in the absence of placebo.
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- 1. It is more difficult to prove statistically that two
results are the same than that they are different. If
both treatments yield the same effect, there is no test
to establish that a statlstically significant similarity ™
exists..

2. Since the investigator does not wish to observe a

difference between treatments, there is no incentive-to

conduct the trial well. In fact the more poorly it is

conducted, the more likely that the data will be the

same with both medicines...

3. There is no accepted statistical means of

demonstrating either medicine worked if there is no_

statistically significant difference between them in "

results obtained. If both medicines are approximately
- equal in the effect they elicit, it. does not prove that

_ either medicine is truly efficacious.?

-~ - Furthermore, in the case of procainamide there is so little

understanding of the relationship between dose, serum levels, and

. effect that it is impossible to specify what serum levels of two

preparations would be close enough to be deemed "bioequivalent.”

For these reasons - statistical principles relating to the
comparison of two drugs and specific properties of procainamide -

FDA officials advised the sponsors that the bid preparation should -

demonstrate ectopic suppression demonstrated by Holter monitor-
throughout the proposed dosing interval comparable to that
achieved by an existing preparation (by preference the original
immediate release preparation) and better than placebo. . .

An increase-in adverse effects in the bid as opposed to the
qid preparation would not be accepted as the price for the
increased length of action.

‘A year and a‘half later the sponsors requested-a further
meeting to discuss a clinical study along the lines discussed -
previously. The sponsor submitted the following schematic

Spilker, Bert, Guide to Clinical Trials, New York, 1991; p.721. -
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illustrating their plan at this point (15 June 1989.)°

e b e bl iy e i, ey s »

This trial envisioned enrolling sixty patients in each treatment
arm and thirty-two in the placebo arm. It was judged adequate-to
demonstrate eﬂicacy vS. placebo with 95% power at the 0.05 level.

The Division promised scrutiny of monitonng hour by hour
to establish suppression over entire dosing interval. Neither ]
decreased efficacy at the end of the dosing period nor increase side |
effects at the beginning would be accepted as the price for bid ' -
dosmg - '

Sponsors asked whether enrolled patients must suffer from

symptomatic ventricular ectopy (according to the )

contemporaneous labeling change} or could they also accept

patients with asymptomatic ventricular a.rrhythmias Division's o

adv1ce was "not to hold out for symptoms." w )
7 On 6 July 1990 the sponsor met again mth the Cardiorenal
Division. Sponsor now understood Division's approval of inclusion -
of asymptomatic patients but misunderstood Division's requests
with respect to Holter monitoring -- 48 hours after the first dose
and 72 hours commencing the last day of dosing.

Not long after (24 Oct 1990} sponsor filed INDE_ "_]a.nd ..... .

’NDA 20-545,1.1,attachment 3.

‘NDA 20-545, 1.1, attachment 3.




proceeded stratghtaway with the clinical trial (protocols 610-43
‘and 44)_since Division deputy director waived the 30 -day waiting
period as requested.

However the protocols were of a design quite unlike that
discussed with the Division during the previous years. Instead of a
parallel design - three (bid, qid, placebo) arms x 60 patients each
subjected to increasing doses of the same preparation - it was a

—- crossover design. The arms were now defined by dose: placebo,
1000 mg, 2000 mg, 4000 mg per day. The comparison between -
preparations was now to be by crossover with no washout period.
The patients taking gid would switch to bid and vice versa.

Because of the possibility of carryover antlarrhythmic effect
‘it is only in the pre-crossover period that the treatinent arms are
completely comparable. This design weakness (to be more fully
- discussed later) brings into question the adequacy of the trial.

|

The Division's safety meeting held 30 Nov 1990 did not’
_discuss the design change -- which did not affect safety -- but did
decide "the proposed study. protocol is acceptable and the study
_ may proceed " ‘ _ B—

Division Medical .Oﬁicer Sughok K: Chun expressed concern
at this point that a longer acting procainamide might lead to
increased hematologic sequelae especially relating to.leukocyte
formation. To follow through on this concern the sponsor was
requested to prepare an epidemiological analy51s to evaluate

. previous frequency of such events.

At a later date (3 June 1991) Division questioned the
statistical power of the protocol to sufficiently demonstrate VPD
suppression. In response to protocol amendment #1 received 29
May 1991 Dr. Chun expressed by phone her view that "calculated
- : sample size and power considerations with respect to primary

objective and hypothesis probably is incorrect.”® Details of
amendment and cnticism will be discussed below. -

IV. NON-CONCERNS AND ‘CONCERNS ABOUT APPROVING
PROCAINANIIDE BID NOW ”

* IND | 2.1 Medical Officer's Review, 29 June 1991. -

e - eIt




1. Non-concerns as Stated by the Division

A. Toxicology and Human Safety
Procainamide has been used clinically in humans for more
~ than 40 years. For this reason this application-does not require
animal or human toxicology studies.

B. Testing on Asymptomatic Subjects

Suppression of nonsymptomatic ventricular premature R
depolarizations (VPD} in patients proven responsive to and tolerant
of procainamide is taken as a surrogate marker for efficacy in a

— -population with life-threatening arrhythmias, that is, in the

- -population-for which the drug is currently approved.

- C. The Future Clinical Place ot‘ Procajnamide and
Other Antiarrythmics _ T

Recent epidemiology (CAST, etc.) deprecates the value of
- arrhythmia suppression in the absence of severe symptoms. The
-sponsor clearly recognizes this in conservative labeling indicating
proposed use only in life-threatening arrhythmias.® e
Thus, although bid procainamide would be far less used in
____the current environment than if it had appeared forty years ago,
" there is no intent to question that the parent drug has a-place in

the pharmacopeia.
2. Concerns
.;. The Trial De-s_ign
- There are three objectives that should be met in order to’

demonstrate equwa.lence in suppressing VPD s over the entire | -
dosing range: N

(1) the active control (procainamide gid) should distinguish itself .- e

*"PROCANBID tablets are indicated for the treatment of documented ventricular— o
arrhythmias, such as sustained ventricular tachycardia that in the judgement of the physician, are
life-threatening. Because of the proarrythmic effects of procainamide, its use with lesser

arrhythmias is generally not recommended. Treatment of patients witl with asymptomatic ventricular
depolarizations should be avoided.”




.10
from placebo (If not, equivalence is unconvincing).
(2) procainamide bid also should be better than placebo and

(3) the study should be of sufficient power to show a difference
between the approved and the new preparations if a difference
exists. :

The real question is whether the crossover design has
adequate power to permit these demonstrations.

B. The Dose Range

But logically prior to.consideration of adequacy of design the
adequacy of the dosing range must be considered. The protocol - -
used doses of 1000/2000/4000 mg daily. As stated above, dosing
needs to be empiric; serumlevels are not reliable guidelines of
efficacy. Nonetheless the sponsor recommends (in the Procan SR
PDR monograph) an initial total daily oral dose for younger
patients with normatl renal function 50 mg/ kg; i.e. 3500 mg/ day
A study contemporaneous with the approval of Procan SR began
with doses of 3500 'mg and increased to 7500 mg as required.’
Mean maximal and minimal concentrations of procainamide and
NAPA were 10.4/12.0 and 6.8/8.7 micrograms/ml respectively.

As illustrated by the following graph of percent patients
. responding to procainamide vs. plasma procainamide in mg/ml,?
. the therapeutic window, that is the plasma concentration in which
" maximal efficacy and minimal side effects can be achievedis 4 - 8
mg/ml. The therapeutic index -- the separation of the therapeutic
and toxic concentration-effect-curves or the toxic dose divided by
the therapeutic dose --_is approximately 3.

7 EGV Giardina et al, Efficacy, Plasma Concentrations and Adverse Effects of a New
‘Sustained Release Procaii.zmide Preparation, AJ Card, November 1980; 46.855-862.

®+edrawn from Wyngaarden, JB et al, ed, Cecil Textbook of Mé&icine, 19th

edition, Saunders 1992, p.87.
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"Therapeutic" _
plasma range of , o
procainamide
traditionally has been
regarded as 4 to 10
micrograms / minute
with 10-15 micrograms / -
minute required for some

. arrhythmias.®? Inspection
of the graph
"Procainamide . . -
Concentration vs Time" B -
in section IX,

"Pharmacokinetic Outcomes" reveals that only the 4000 mg daﬂy
dose achieved plasma concentrations in the "therapeutic" range.
Doses below 2000 mg / day turned out not to beat placebo in
suppressing VPD's; in fact statistically appear to increase VPDs.

It is clear therefore that many of the trial patients were given
sub-therapeutic doses and hence give information of little value.
Ten patients were given 4000 mg/day prior to crossover, nine
post-crossover for a maximum of nineteen treated with a dose in
the therapeutic window. , -

Although a low.arguably sub-therapeutic dosgiaﬂge may -

minimize adverse drug effects, it als6 makes it more difficult to
demonstrate dose related efficacy. The FDA advised the sponsor in
a letter dated 14 August 1991 summarizing the 6 July meeting .
that they must "study all useful dosages."'® This was not done.

V. CHEMISTRY

Procama.mide Hydrochloride is formally named Benzamide,4-
amino-N-{(2-diethylamino)ethyl}-, monohydrochloride or p-Amino-
N-{2-(diethylamino)ethyl}jbenzamide monochloride. ]

_? Anderson, JL, Conventional and Sustaine¢-Release Procainamide: Update on
Pharmacology, Clinical Pharmacoclogy 1985, 7:5.618-40.

N '
| FE N
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The molecular formula of procainamide hydrochloride is
CsHzN,O.HCl. The molecular weight of the anhydrous
monochloride is 271.79 and of the anhydrous free base 235.33.
See the chemist's review for a detailed discussmn of chemistry.

VI. CLINICAL PHARMACOLOGY'AND PHARMACOKINETICS

. See the onpharmacological review for detailed discussions

of chmcal pharmacokmetlcs Here are a few conmderatlons L

B Absorptxon of oral procamamide appears to be a first order
“process taking place at all levels of the small intestine; the rate of
absorptlon varies among individuals. -

The most important clinical consequences of-procainamide
 metabolism are (1) the formation of the active metabolite N-acetyl
procainamide (NAPA), (2) the bimodal genetic distribution of fast
and slow acetylators in the population, and (3) changes in
metabolism with changes in body functlon and concurrent .
,medlcatxon : ‘ -

. NAPA itself has significant anti-arrhythmic activity with a
half-life of approximately seven hours in normal volunteers. It has
been investigated for possible use as an antiarrhythmic because it -
seems less prone to cause the lupus syndrome than the parent
drug. NAPA is cleared to a greater extent by the kidneys than the
parent compound (85% vs. 50%) so it accumulates faster with
decline in renal function.

About half the population of the United States - black-and
white - acetylate procainamide and other drugs - isoniazid,
sulfamethazine, dapsone, sulfapyridine - quickly; the other 50%
are slow acetylators.

‘With respect to this trial it was decided not to s{:rafify by
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for that characteristic.

Metabolismm and serum levels are also affected by glomerular
filtration rate, and in congestive heart failure, liver disease, obesity
and by concurrent therapy with such drugs as anuodarone
cimetidine, and tnmethapnm

Eleven studies were conducted in héalthy volunteers to:

(1) assess the pharmacokinetics of procamamzde tablets bid
vs. qid tablets and the effect of food on absorption'!

o (2) assess the dose'-proportidnalitj of the bid tablets -0
leading to the rejection of the 750 mg bid preparation and

(3) assess the bloequlvalence of the bid formulahons -
prepared for the clinical trial, "clinical study tablets,"” with those

''610-35 12 volunteers; bioavailability of bid compared with Procan SR qid; effect of food on
bioavailability of bid. single -dose, non-blind, 3-period crossover: bioavailability of 1000-mg bid
tablets equivalent to 1000 mg Procan SR. Negligible effect of high-fat meal on bid absorption.

610-38 identical to above comparing bioavajiability of 500 mg bid vs. Procan SR 500 mg.

610-39 18 volunteers; 1000 mg bid vs. Procan SR 500 mg. Bid showed similar absorptior,
" and increased release time. N

610-40 identical to above comparing 500 mg bid vs. Procan SR 500 mg.
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prepared for eventual sale, "market image tablets."!?

Brief comment on biopharmacokinetic findings of the clinical
trial appear following discussion of its design.

VII. DESIGN OF THE CONTROLLED TRIAL (PROTOCOLS 610-
43 AND 610-44)

— SUMMARY: The protocols comprise a single multi-center trial
evaluating VPD suppression, biocequivalence, and safety.

~_Fourteen centers in Florida, Illinois, Kansas, Michigan,
Minnesota, Ohio, and Virginia participated. The first patient
entered the two-week double-blind crossover on 6 December 1990
‘and the last patient finished 30 December 1992.

All the centers participated in the double-blind, placebo- -

controlled dose -TESpONSE, formula‘uon crossover pitting the’ new

placebo
The primary obJective was to demonstrate ejuivalent
" suppression of ventricular premature depolarizations with an
equivalent side-effect profile. Secondary objective was to evaluate
procainamide and NAPA pharmacokinetics as a function of dose
and formulation and to characterize the relationship between
plasma concentration and VPD suppression. Six of the fourteen -

2610-47 24 volunteers 500 mg bid cljmcal trial formulation compared to 500 mg market-

_..image bid; Bioequivalence.

610-49 24 volunteers; dose proportionality of market-imnage bid; comparison of absorption
kinetics with Pronestyl; 750 mg bid releases drug faster than 500 mg, 1000 mg bid. .

610-51 24 volunteers; demonstrating equivalent bioavailability of 1000-mg clinical study -
bid vs. 1000 mg market-image bid.

610-52 23 volunteers; dose-pmportjonauty of market-image 500 mg 750 mg, 1000 mg bid;
drug release was faster and greater from 750 mg.

. 610'53 24 volunteers; 500 mg market image bid vs. clinical study 500 mg bid; extent of
absorption similar but C max of market image slightly higher; absorption of clinical study tablets
slower than expected due to altered manufacturing conditions.

610-54 24 volunteers; dose proportlonality and bioequivalence of market-image 500 mg bid
vs 1000 mg b1d ‘
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centers participated in this bioequivalence study which is
described in Protocol 610-43,

Protocol 610-44, identical to 610-43, but without. -
bioequivalence studies, applied to the remaining eight centers. In
- other respects the two protocols make up a single study with
- pooled data.
— Statistical analysis shows that there was no significant o
treatment x center interaction. , —

After completion of the two-week double-blind crossover,
_ these same patients (including those treated with placebo) were
.invited to use the new preparation for one year to evaluate safety
- and adverse events - Protocol 610-43X (with respect to the six
- centers which had studied bicequivalence) and Protocol 610-44X
(with respect to those which had not). :

- PROTOCOL:

_ The original protocol is dated 26 July 1990. It was amended
three times: 2 October 1990, 10 May 1991, 14 October 1991.

The following description is that of the protocol as amended
unless otherwise noted. SR

~ 77—  Since the patients for the "open-label" extension safety trial
flowed out of the double-blinded crossover, they had already been
screened for the same enrolment and exclusion criteria and thus
all the specifications enumerated below applied in equal measure.

> Enrc;llment criteria:

. To enter the first week, procainamide washout leading up to
el - receiving active drug (or placebo}, each patient had to be

(a) 21 years or older

_ (b) if female, post-menopausal or proven non-pregnant

(¢) currently responding to and tolerating pfocainalnid_c_SR

J—
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thero.py for the indication of frequent VPD'? and

(d) total dose of procainamide SR 4000 mg or less.

» Qualifying criteria:
In order to enter the double-blind period the patients must:

(a) demonstrate at least 30 VPD per hour'* on a 48 -hour
Holter recording

(b) of these, at least 40 hours must be evaluable. _

> Exclueion criteria:d ' - - o
A So far as was p0531ble;a11 entrants were stable and not likely
to become emergent Specifically the followmg were grounds for '
exclusmn . N

1. documented history of life-threatetiing ventricular
arrhythmias'® or syncope of cardiac origin

2. history of acute myocardial infarction, coronary
angioplasty or open heart surgery within the previous three
months

3. NYHA Class III or IV heart failure

4. pacemaker dependence or internal defibrillator affecting. o
evaluation of Holter records'® - 4 -

3Thls was amended to allow inclusion of patients with previously untreated VFDs. They were
briefly treated with procalnarnide to prove that their arrhythmia was responsive,

U(revised to 20 VPD/hour.)

- (hemodynamically unstable ventricular tachycardia or sustained ventritilar tachycardia or
fibrillation requiring cardioversion.)

© . .'® Later amendment admitted non-pacemasc.: -dependent patients,
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5. Patients with known accessory bypass tracts

6. Patients with 2nd degree (Type 1l Mobitz) or 3rd degree AV -
block, QTc > 550 msec, or symptomatic bradycardia

: 7. Systolic blood pressure <90 mm Hg or uncontrolled
hypertension defined by a systolic blood pressure >170 mm Hg or
a diastolic blood pressure >110 mm Hg

" 8. Unstable angina

9. Signiﬁcant hepatic disease [AST or ALT 2X upper lnmt of
normal) ] - - _

. 10. Significant renal disease (BUN 2X upper limit of normal
or creatinine > 2 mg/dL)

11. any condition which could resulf in mgmﬁcantly altered .

absorption, distribution, accumulation or excretion of -
procainamide :

12. previous treatment with amiodarone

13. treatment with barbiturates within 4 weeks prior to
entry into study

14. current or recent illicit drug use/alcohol abuse

15. current or recent treatment with any investigational

drugs
» Concurrent medication
Patients continued their current medications with the —___
exception of alternative  antiarrythmics. The antihypertensives
verapamil and sotalol which have antiarrhythmic action were .
excluded.

» Treatment régimen:

On study day 1 after historjr, examiration, clinical

i
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laBoratory and EKG, eligible patients began a week unblinded
“wash-out” off procainamide. From day 5 to 7 they were Holtered
for 48 hours to establish VPD level.;

Eventually ninety-mne patients randomized to eight groups
began the active treatment stage, day 8.

There were eight groups as follows: j -

1. qid placebo crossed-over to bid placebo,

2. bid placebo crossed-over to qid placebo,

3. 1000 mg total daily dose of procainamide: qiﬂ preparation
crossed-over to bid,

4. bid preparation crossed over to qid,
‘5. 2000 mg total daily dose of procainamide: qid preparatlon S -
crossed-over to bid, : ' —
6. bid preparation crossed-over to qid -
7.-4000 mg total daily dose of procainamide: gid preparatmn

" crossed-over to bid, and -

-8-bid preparation crossed over to gid.'” )

: The medications were comf:ouxided and dispensed so that
neither investigator nor patient could determine whether active or

~placebo was being given, whether the dosing was bid or qid or

what dosage level was being dispensed. o L

Al tablets were coated grey: A large placebo tablet - AN .
(designated PL in the table below) mimicked the 1000 mg -
preparation, a small placebo tablet (designated PS) the lower

doses.

The bid-qid blind was maintained by giving all pathnts
bottles labelled "A" and ™ B" from which they were to draw
medication consecutively.'®

Thus regimens for the four crossover pairs were as follows:

YNDA 20-545; 1.24:125,127.

¥IND




Placebo crossover (1 and 2 above):

"~ Large qid tablet from bottle A, large bid tablet from bottle B

19

alternating with small qid tablet from bottle A, two large tablets

from bottle B .bid.

Bottle A Bottle B vs. Bottle A  -Bottle B.
6am  |PL _ [PL ___ |PS  _ |PLPL |
12 noon |PL PS
6 pm PL PL PS PLPL
12. . . PL PS
midnight | - T e _

1000 mg total daily dose crossover (3 andi;;l above):

~ Large qid tablet from bottle A, large bid tablet from bottle B
alternating with small qid tablet from bottle A, two large tablets

from bottle B bid. -
Bottle A  Bottle B vs. Bottle A Bottle B
6 am PL 500bid 250SR | PLPL
12 noon |PL 1 250S8R
6pm |PL 500bid | 250SR PL PL
12 “TpL 250 SR
midnight ‘
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2000 mg total daily dose pair (5 and 6 above):

Small qid tablet from bottle A, large bid tablet from bottle B
alternating with small qid tablet from bottle A, two large tablets

" from bottle B bid.

Bottle A Bottle B vs. Bottle A Bottie B

6 am PS 1000bid | S00SR __ |PLPL |
PS 500SR
12 noon
6pm | PS 1000bid | 500SR | PLPL
12 . PS 500SR
I midnight |

4000 mg total daily dose crossover:

Large qid tablet from bottle A, large bid tablet from bottle B '

- _ alternating with small qid tablet from bottle A, two large tablets

bid from bottle B
Bottle A . Bottle B vs. Bottle A Bottle B
6am ° | 1000SR |PL PS 1000bid
. 1000bid
12 noon | 1000SR PS _
6pm  |1000SR |PL _ '|PS -1000bid
- 1000bid
12 | 1000sR PS
midnight 7 - —

—— It is only the 2000 mg total daily dose bid sequence which
breaks total symmetry Placebo dose and interval are well
bhnded

Holter monitoring was performed for the first 24 hours
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beginning 30 minutes before the first procainamide dose and again

for 48 hours from day 12 to 14 at the end of the first cycle.

At the end of this 48 hour Holter, the bid andthe gid
groups received their first dose of the alternative “crossed-over"
preparations, day 14. No "washout" procainamide-free interval
was provided and no Holter was performed during the initial phase
of the second cycle.

On day 19, the sixth day of the second cycle, 48 hour Holter
monitoring commmenced. Medication ceased with the second dose
on day 20, the seventh day of the second cycle, so this Holter
overlapped the withdrawal from medication. -A further 24 hour

AHolter was carned out from day 21 to day 22 off procainamide.

> Demographics and Treatment Group Comparabllity

The protocol's patien_t population was not diverse. “The
requirement of ventricular ectopy makes it not surprising that the
mean age was 67 years. Little gender or racial diversity was

- achieved: eighty-three percent were white men.

Recruiting in fact became more difficult in theé course. of the
study as concerns about the safety of antiarrythmics increased.

. This necessitated the protocol amendments already mentioned.

APPEARS THIS WAY
ON ORIGINAL
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Study 610-8%44: Chamcteristics of Patients Randomized to Treamrent

mﬁ:qmmm) Fermatsrion Gaecace
Chacsutistics [ 1000 200 00 WO-QID  QLO~AID
Nu2 N ¥-n Nen N =30 N=&
Gasder, N (%)
Wemen s a» 4 (M ¢ @n L] nan 7 (9 -
M n  an X A n M " ay o 4 66
Racy, 0 (%)
Whin n @) » @ % M m o6n “ 3 o an —
Kk 3 (1 s 0w 1 ) 1o A M o« 0m
Oxher “w 1 [3] 1 w [} 2 W 2 W
A, e )
Madins [ as Y “ as [
Mia, Max a, 9 0" "o E'™S n.80 e
Distribation by Ayw, M (8} ’ ) -
<43 yraey s On LI T U R -] ¢ @ T on 17 en -
265 yun 17 @ KN 5 sy [T} »n (s n ®
Namber of VPInAr ’
-4 w 1 1% T s - -
Win, Mux 24, 1441 -2, 1010 20, 2884 ), 1448 29, nLs 20, K3

VPO = Veuiriowar peestirs Sapciar e, . -

As shown in the table above'®, the various dosage gioups
seem to be well balanced with respect to gender, race, age, and
VPD rate. It is true that very few women or blacks were included.

» How Much of a Difference in VPD Reduction Would
Constitute a Disproof of Equivalence?

—Statistical analy51s begins with the null hypothesis that

there is-no difference between thé evaluated populations. In this

case the objective is to prove rather than disprove equivalence;
that with respect to VPD suppression procainamide bid is
equivalent to the approved formulation. To be convincing, the
study must have enough power to detect a difference if it exists.

The final draft of the original protocol (26 July 1990) stated

It is expected that the mean reduction in VPDs for the
Procan SR/QID treated patients will be 50% over the
three dose levels. The total number of patients
required to detect a difference of 30% between the

YNDA 20-545;1.24.25. : R
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mean percent reduction in VPDs in the procainamide
SR/BID formulation -treated patients and the Procan
SR/Q@QID-treated patients, over the three dose levels
with 95% power at the 0.05, two-tailed, is 100
evaluable, or 25 patients per each of the three active
treatment groups and 25 patients in the placebo
group. This calculated sample size is based on the -
assumption that the standard deviation of percent

_ reduction in VPDs for within patient groups is 25% 20—

-»How much VPD suppression to distinguish active treatment
from placebo? . . }

In order to validate an equivalence study, to demonstrate—
that acceptance of the null hypotheses is not due simply to wide
variance, the active treatments must stand out against placebo.
Once again the degree of difference it is desired to detect between
the treated and untreated groups -affects the power of ilie study,
number of patients required, to detect it. Protocol amendment of 2
October 1990 reads _— -
_ It is expected that the mean percentage reduction in
VPDs for the high dose of procainamide bid will be
70%. The mean response of the placebo group is
expected to be 10%. The total number of patients
required to detect the difference between the high dose
of procainamide BID and placebo with 85% power at
the 0.05 level, two-tailed, is 88 évaluable or 22

_patients per treatment group. This calculated sample
size is based on the assumption that the standard

~ deviation of percent reduction in VPDs for between
patients is 25%. Twenty- two patients per group will -
also provide information about the similarity of the
two formulations (relative difference between —
formulations within 30% by confidence interval
analysis}.!

NDA 20-545; 1.24:95. ) ) - o o

*'NDA 20-545;1.24:104.
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- - As previously mentioned, division medical officer Sughok K.
Chun in her IND review of this amendment dated 3 June 1991
took exception. She felt that spons6r was underestimating placebo
response and therefore underestimating patient numbers Tequired
to achieve statistical signfficance:

Sponsor calculated the sample size with expectation
that the mean percent reduction in VPDs at high dose
of procainamide BID will be 70%. The mean response
in the placebo group is expected to be 10%. However,
the placebo response in VPD reduction is around 30%
(20-40%) in various antiarrhythmic stadiés that
calculated sample size and power considerations with
respect to the primary objective. Hypothesis testing is
probably incorrect.?

VIH. WHAT_I_)ATA‘ARE"USABLE?
(1) How many patients qualify for evaluation? .

The original parallel trial design enviéaged 270 pati_ents

- necessary to achieve adequate statistical power; the crossover

design first envisaged 100 patients. This was, contrary to Division
advice, revised down to eighty-eight. In the end the data from only
77 patients was judged evaluable. The scheme below illustrates

the process

i

il

s;!
1]
[

I

ZIND . N(P1)004/5/29/91

“NDA 20-545;1.24:34,




. (2) How good is the Holter data?

As may be seen above, 16 patients were excluded from
- analysis for failure to have 24 hour Holter data at baseline or at
- * either double-blind visit. But sponsor had been advised in writing
on 14 August 1991 of the need for 48 hours after the first dose
and 48 hours after the last dose plus 48 additional hours to
observe return of VPDs (total 72 hours), so what was provided was
substantially short of what was deemed requisite by the Agency.?*

It is uncertain from the protocol how rigid was the timing of

the Holters in relation to the protocol dosing schedule. According

" to the protocol, "To allow flexibility in scheduling patient
appointments ... the start of Holter ECG recordings ... may be -
scheduled 1 day earlier or later than the day- shown in the T
flowchart."*®

So there is some doubt about the quantity and tJming
precision of the Holter data..

(3) Is the Post-crossover Data Evaluable?

When sponsors presented their IND they substituted for the
- parallel trial earlier discussed a crossover design with no provision
- —for washout; in other words, used the first of the two designs
- illustrated below.?®

“IND . 2.1, 14 August 1991. : —.

% NDA 20-545;1.24:84.

**Spilker, Bert, Guide to Clinical Trials, New York, 1991, p.33.
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The I. SINGLE CROSSOVER WITH NG INTEIVENING BASELINE
possibﬂjty that (1. No Mpaiane res marval:
data in the post- - “ T A Tr. 2, ‘ 3
crossover phase a /- . BL
may be : :
contaminated by TR  T.B

— what has 2. SINGLE CEOSSOVEH Wi H_INTERYE NING BESELINE

happened in the 4 o

pre-crossover , '
‘ . g f* A R B
phase_is a well- :

known weakness A .-

of the crossover ra.
. design.

There are -
two mechanisms for_post-crossover contamination. “The ﬁrst is
biopharmacological. Antiarrythmics in particular may continue a -
therapeutic effect for a time even as serum levels decline after
cession of treatment. The second is statistical. "Period x treatment
interaction” may indicate a carryover effect, confounding analy51s
" despite biological unplausﬂﬁhty

What should be done at this pomt to evaluate this
application for approval? One’ authority says, "the only acceptable
option ... is to view the first part of the clinical trial as a parallel
design and to compare the data of the two groups."

"This approach,” he continues, “is invariably unsatisfactory
because fewer patients were originally enrolled in each treatment
group than would have been enrolled if the clinical trial were '
initially designed as a parallel trial."

If the VPD suppression outcomes need to be recomputed
. using pre-crossover data the evaluable patients will be-reduced to
teri-on 4000 mg, thirteen on 2000 mg, ten on 1000 mg, daily doses

*’ Spiker, Bert, Guide to Clinical Trails, New :ork, 1992, p. 32.

- e—
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of procainamide bid. These may be compared to similar numbers
receiving procainamide gid and seventeen receiving placebo.
Only ten patients received a therapeutic {4000 mg/ day) dose pre-
Crossover. -

A strong argument in favor of accepting the post-crossover
data is that Holter recording performed after the second active
treatment week, that is, on completion of the study, VPDs of
patients on active treatment (squares and empty circles) reached
the level of the placebo patients (solid circles) within 24 hours. %

HOLTER EDAITORING FOLLOWTMG CESAATION OF TREATMERT

S@TDE = MBa=rrmazrD EOTT AGAZESO oW Earp

e e . — Imaman -
" B4 1 a2 18 M 3 113 0 12
. Houw
FORU N o8B gip o= pp =S Q|D

PATIENTS TQOK TUE LAS
IR T (T

Since the Holter data for the post-crossover period was -
taken at the end, it can be argued that in fact pre-crossover drug
effect contamination may-have been small. This argument does
not address the "period x treatment” interaction" objection.

NDA 20-545;1.24.246.

BNDA 1,24:239. = -
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VIII. VPD SUPPRESSION OUTCOMES

Computations on paﬁents accepted by the spe;nsor for
primary activity analysis were done as follows:

To be included in the primary analysis, a subject had to
have at least 24 hours Holter at screening (48 hours, on day 5 to 7
per protocol), 24 hours at the end of the first period (48 hours on
day 12 to 14 per protocol} and 24 hours at the end of the second

- period (48 hours on day 19 to 21 per protocol). :

Note that the 24 hour post-second-period 24 hour "washout"
Holter is not required. Note also that Holters may be one day early
or one day late from protocol time. . -

Seventy-eight patients met the above criteria; one patient
was removed as a statistical outlier -- because his VPD were
extremely increased on both preparations -- leaving Holter data
from 77 patients. = 77

1. Percent Change in‘Baseline vs. Placebo

The main efflcacy measure analyzed was percent change
from baseline in mean VPD per hour. This was calculated for each
monitoring period as follows: -

% change =100 * (VPD—Base]jne) /Baseline

Where VPD VPD/hr and Baseline = VPD/hr during basehne
Holter.

Negative values represent decrease in VPD, the desired
result of treatment.®

PERCENT CHANGE IN VPD'S BY PREPARATION AND DOSE™

UNDA 20-545 1.24:36.

3'prepared from data presented in NDA 20-545;1.24:241-and 246.
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Placebo No. of BID piD

PATIENTS )

20.35 (-13.85, 54.54) 0.58 [-33.61.34.77}

18(ZBT0Q. - -

11 Q to B)
1000 .~ 19QOBtoQ, | -14.66(-48.35,19.09) -19.68 (-53.37.14.00)
mg/day 90 to B) :
2000 21(18Bto @, -40.52* {-74.87,-6.18) -35.81 (-70.15,-1.46)
mg/day 8Qto B : —_—
4000 1910 Bt O, -50.39° (-86.65.20.12) | -20.91 (-63.18.8.35 || _ .
mg/day SQtoB

*Indlcalcs that the mean Is significantly different than the corresponding mean I the placebo group,

Inspection of the above table® reveals the goal of 70% VPD
suppression at the 4000 mg daily dose of the bid preparation is
not reached. Nonetheless the 95% confidence limits for the 2000
mg and 4000 mg doses are negative, suggesting statistically
significant suppression as compared to placebo.

The lower confidence levels of placebo ranged between -
13.85 and -33.61. The Division had noted that the placebo effect
as seen in current studies was 20% - 40% -

_ Whether statistical review w111 support and find significant
sponsor's interpretation of nearly 60% reduction remains to be
seen. -

 The fact that the bjd preparation at 1000 mg-and the gid
preparation at all doses fail to achieve statistical significance in
VPD suppression is, [ believe, due to failure of the protocol to
provide an adequate therapeutic dose range. The VPD
suppression efficacy-of the approved preparation is not in
question.

2. Comparison of VPD Suppression between Preparations

2 NDA 20-545;1.24:247. ~
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- The difference between the qid and bid preparations with
réspect to VPD reduction was calculated by

- em——

D =(bid % chanée) - {gid % change).

Therefore positive D favors qid and negative D favors bid. -
This data is presented in the following table.*® - .

mmmmammmmvmm
PERCENT CIANGE IN ¥ID»

In this casethe objective TN To_TREAT ANALYSTS

is to prove lack of | . T T bitrerence (sma1ty

difference, that is, the feta oo 2o Cmildes o '

closer the mean is to 1000 meseey 340 (- 300, 4000 )
" zero, the stronger the 2000 wprany C e (202, K0.05)

Stu(i’y hypothesis 000 ng/dny -39.64  (-54.35, 15.04)

Tl‘le'smdy’ design had . All Active Doves ‘ - &.60 (-12.35, 25.15)
asserted that equivalence
with respect to VPD '
.suppression would be established if the 95% confidence interval
for the absolute difference between the bid and qid formulations -
_ fell within +30% and -30%. The recorded confidence interval
(+25.55% to -12.55%) more than meets this preset standard. In
fact the data seems to support greater equivalent dose efficacy of

the bid preparation. _ L

Once again, the weight of this computations awaits -
statistical review. ‘ : —

This information is presented graphically.®

*compiled from tables contained in NDA 20-545; 1.24:246 and 247.

YIND - © 2.1, 14 August 1991.
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Procsinamide Dose img/day)
T e

IX. PHARMACOKINETIC OUTCOMES _

Pharmacokinetic (serum level} studies were conducted on

. only 43 of the 77.patients who were analyzed for VPD reduction.

These were trial patients at six of the fourteen centers These
studies are specified in Protocol 610-43.

These studies

(1) evaluating procainamide and N-acetylprocaiinamide
pharmacokinetics as a function of dose and formulation and

(2) characterizing by pharmacokinetic/pharmacodynamic methods
f{ the relationship between plasma concentration and
pharmacologic effect

contained in NDA 20-545, volumes 1.13 and 1.14 respectively are
interestingly reviewed by Olof Borga, PhD., biopharmacologlst

A, Procamamide Concentration vs. Time by Preparation and -

Dose¥®

.?SNDA 20-545;1.1:100.
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Procaissmide (BN Taviers gfh o Bach Dow Level Data from Vishs §
and 7 wert poolad 1 calculsto De values by formmlation -

(Progzoal 610-43)

Sponsor submits the data from which after elaborate

statistical analysis the above graph is drawn in appendix D,. ..

volume '1.13. Their-own conclusion is that "Minimum plasma
coricentrations following administration of procainamide BID
- ' tablets every 12 hours are slightly lower than those for
, administration of Procan SR tablets every 6 hours."?

The argument is made however that the overall
pharmacokinetics are equivalent.
Despite the fact that the study design and patient
population were suboptimal for bioavailability
comparisons across formulations, 90% confidence
: intervals for ratios of dose-normalized mean Cmax and
- mean AUC values were within or virtually within an
80% to 125% interval indicative of bioequivalence of
the two treatments. When data from all dose groups
were combined, procainamide BID tablets were — -
bioequivalent to QID tablets with respect to maximal
___observed concentration and extent of absorption. .

**NDA 20-545;1.13:17.

32




) ' R 30

The difference between the qid and bid preparations with
respect to VPD reduction was calculated by

D =(bid % change) - (qid % change). ;
Therefore positive D favors qid and negative D favors bid.
This data is presented in the following table.*

r FORNULATION DIFFEFESCES AMD ASSOCIATED CONFIDERCK INTIEVALS FOR

PERCRKT CHANCE I¥ TPD=
In this case the objective TR T TREAT AALTSES

is to profr'e lack of Difterence {BID_OTD)
) difference. .that iS. ﬂ]e Doxe Group . 9SI-Cm|ﬂ.lltnﬂ Int,
R closer the mean is to 1% tefesy e
- zero, the stronger-the T 00 gty AT R fo.0%
- 4000 mg/day ‘ -19.64  (-56.35, 15.06)
_ - study hypothesis. A1) Active Puves - 6.60 (-12.35, 25.75)

The study design had

asserted that equivalence '

. with respect to VPD )

_ suppression would be established if the 95% conﬁdence interval

’ for the absolute difference between the bid and qid formulations

- fell within +30% and -30%. The recorded confidence interval
(+25.55% to -12.55%) more than meets this preset standard. In
fact the data seems to support greater equivalent dose efficacy of
the b1c1 preparation.

o Once again, the weight of this computations awaits

statistical review. ' ’

. This information is presented graphically.*

3compiled from tables contained in NDA 20-545;1.24:246 and 247.

MIND 2.1, 14 August 1991.
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IX. PHARMACOKINETIC OUTCOMES

Pharmacokinetic (serum level) studies were conducted on
only 43 of the 77 patients who were analyzed for VPD reduction,
These were trial patients at six of the fourteen centers. These
studies are specified in Protocol 610-43.

These studies

(1) evaluating procainamide and N—acetylprocajna'mide'

pharmacokinetics as a function of dose @and formulation and

(2) characterizing by pharmacokinetic/pharmacodynamic methods
- f the relationship between plasma concentration and

pharmacologic effect

contained in NDA 20-545, volumes 1.13.and 1. 14"rés'peétively are
- interestingly reviewed by Olof Borga, PhD., biopharmacologist.

A. Procainamide Conceﬁtration Vs, Timeul_ay Preparation and -
Dose’® .

SNDA 20-545;1.1:100. : —
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Procoiremide BID

O 1000 myfday £ 2000 mascay D1 4000 mg/eay
{""foj tﬂ-ﬂ] IH.Y’

Y Proodinamide XD
@ 1000 wgfeay A 000 mgldyy I 4000 malen
Nl = 10) (v =13 N=T7)

Plagma Procainomide Conc. (ug/mL)

" - ' Time (hr)

Mean Flasme Procainamide Concentration-Time Profiles at-Steady State
- . Fo]]p?;ing Administration of Procainamide BID Tahlsts q12k ot

Procainamide QID Tablets g6h at Bach Dose Level. Data from Visits 5

and 7 were poolad to calculate mean values by formulation

(Protocal 610-43)

Sponsor submits the data from which after elaborate
statistical analysis the above graph is drawn-in appendix D,
volume 1.13. Their own conclusion is that "Minimum plasma
concentrations following administration of procainamide BID ~
tablets every 12 hours are slightly lower than those for
administration of Procan SR tablets every 6 hours."®

*NDA 20-545;1.13:17.. -
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The argument is made however that the overall
pharmacokinetics are equivalent.
Despite the fact-that the study design and patient
population were suboptimal for bicavailability
comparisons across formulations, 30% confidence
intervals for ratios of dose-normalized mean Cmax and
mean AUC values were within or virtually within an :
80% to 125% interval indicative of bioequivalence of :
the two treatments. When data from all dose groups
were combined, procainamide BID tablets were
bioequivalent to. QID tablets with respect to maximal -
observed concentration and extent of absorption.

Mean Cmin values for BID tablets were lower than™ _
corresponding values for QID tablets.*

_ " According toFDA- standards however, bioequivalence means
~ that the outer 95% confidence limit (not the mean) of the tested -
drug be within 20% of the mean of the standard.
B Relationship Between VPD Rate and Plasma Concentration - .=
- of Procainamide and NAPA®® -

, The sponsor submits tj.:l_e following graphic dépiction's" of the
serum concentrations of procainamide and NAPA vs. VPD rate in .-

¥NDA 20-545;1.1:99."

¥NDA 20:545:1.1:130.
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an effort to demonstrate dose-response.

o Efforts to model this data to achieve a concentration-
response relationship have been unsuccessful. One serious
difficulty in_constructing a consistent statistical model is that the
mean VPD rate graphed vs dose actually shows the VPD rate

___  increased above placebo at the 1000 mg dose in the 43-patient
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. ) thA i :
- patients which showed 50+ \¢><"
19.68% (-53.57, 14.00) . '

reduction at the 1000 mg e T T T
—dose. The only tentative - A Cavg (ag/ml)

finding is a decrease in :

clinical effect with

lncreasmg age. 200 -
Dr. Borga?herefore 11 ;4\\ ‘
feels that because the 100 -

' plasma concentration-
time profiles of the two
preparation are "far from

sample who were
assayed
pharmacologically.®
This is not true in the
overall analysis of 77

8

MEAN §3 VPD RATE (KBL)

o J

MEAN SS VPD RATE (¥BL)

identical” the sponsors' B ———— — o 2
" claim of equivalence with . 00SE (ma/dor) B

respecttoVPD - = .

suppression*® is not T

accurate. He believes "Steady-state VPD Rate vs. Mean

that the fatlure to -~ Procainamide Concentration and Dose

establish concentration-

effect relationship is due

to "(1) a large intra- and inter-subject variability of the effect at a
particular concentration and (2) a weak response to the drug."
The anomalous finding of VPD increase at the 1000 mg dose
appears to be due to an unfortunate population sample and a
subtherapeutic-dose. :

X. REVIEW OF CLINICAL OUICOMES

® prepmciby Dr. Borga from sponsor's data.

40 NDA 20-545: 1.1: 131
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The new preparation came short of its stated goal for
demonstrating suppression of VPDs although at least accepting
post-crossover patients, it is significantly more active than
placebo. —— -

' In the clinical trial a new drug (procainamide bid) was pitted
against active caontrol (procainamide qid) and placebo.

- The questions to which the trial should have provided
affirmative answers leading to an affirmative answer to the
application are: .

(1) Is the active control (Procan SR) better than placebo in this
trial?

(2) Is procainarmide bid better than placebo?

(3) Is the study pewerful enough to tell a difference if one exists?

"~ The approved drug is ipso facto better than placebo but may

not have been so demonstrated under the conditions of this trial. o

The dose range was far lower than that used for previous trials
leading to approval. The anomalous increase of VPD's in a subset

~at the 1000 mg dose is partially explained by being

subtherapeutic..

The answer to the second question is that data as analyzed
does show bid superiority to placebo. But if data is discarded, Will
1t st111 be possible to make the same demonstration?

The third question - does the study have enough power to
show a difference? - awaits further analysis

' XI. SAFETY OUTCOMES

The sponsor provides (1) elaborate documentation of

laboratory parameters and complaints during the two-week

crossover period and more-significantly, reports (2) one-year follow

" up of a subset of these same patients: maintained on the study

medication.
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In response to Division's request, sponsor also prepared (3}
an epidemiologic survey of procainamide-related bone marrow
suppression.

1. The Two Week Crossover Period

_ In evaluating the safety data from the crossover study period
one should keep in mind the particulars of the study:

—{a) patients wer¢ already proven tolerant to procainamide

(b} patients were selected for stability and absence of risks .

(c) the short time involved.

Assuming therefore that this new preparation of a drug
widely used for forty years was not grossly toxic, drug-related --
significant untoward events were not very probable.

The most frequent complaints-were asthenia, dizziness,
chest pain, palpitation, anddyspnea. Chest pain occurred more
frequently in the procainamide group than placebo, arrhythmia
and palpitations evenly distributed across dosage groups and
formulations. There were no malignant arrhythmias.

Not mentioned above are two patients with proarrythmias --

one patient increased his VPD rate 4 times on Procan SR and 10

times on Procanbid; anothér increased his VPD 4-fold on Procan
SR. - - — T

Three patients on active drug were beset by serious adverse
events during the two week trial.*

1 NDA 20-545; 1.24:46.

~ ““NDA 20-545;1.24:5;-53. . e
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1. A 72 year old man with CHF, angina, ventricular ectopy,

suffered a non-Q-wave myocardial infarction after two days of qid
procainamide 2000 mg qd. He continued procainamide and made -
a good recovery and completed the study.

2. A 74 year old man receiving bid procainamide 4000 mg total

daily dose was hospitalized for two days after 6 days of treatment

for recurrent chest pain. - He was withdrawn from the study after

13 days of treatment. His-angina continued after withdrawal of._ _
procainamide which he had tolerated for several years.

3. A 68 year old man with CHF secondary to cardiomyopathy was
hospitalized due to worsening of his condition after less than a day ... .
on procainamide bid 2000 mg/day. He was diuresed released, .and
completed the study.

The sponsor’s judgement that none of these events were
related to study medication seems justified. R : R

> Summary L _

There was no serious or unexpected toxicity related to
procainamide bid in the two-week blinded study.

2. The One Year Open-Label Continuation Safety Trial
(Protocols 610-43x,610-44x) —
Patients comp_l;mg the dotiblé blind crossover trial were _ —
given the option to continue on the new preparation for one year to
assess safety and side effects. . -

Sixty-eight patienfs entered this phase; twenty withdrew
from the study, nine for adverse events, eleven for other reasons.
One patient died, leaving 47 patients who completed the year's —-
therapy. .

L e

Since this study was a continuation of the blinded trial, it .
had the same inclusion and exclusion criteria, and roughly the
same demographic proflle most of the patients were white men
over 65. B . - —




39

- Twenty-five percent of the participants had been treated with
placebo during the trial; hence all participants received 24 hour
Holter monitoring two weeks into-the- study.
: Monitoring was focussed on development of (1)
= hematological and immunological abnormalities, especially
- antinuclear antibody titer (2) proarrythmias and (3) adverse -

symptoms.

Baseline laboratory values were taken to be those at the
beginning ‘of the double-blind clinical trial.
Although one patient received procainamide bid 1500 mg
"daily, the remainder received 1000 mg daily (864 patient days),
2000 mg daily (11,625 patient-days}, 3000 mg daily (5900 patient -
BN days) or 4000 mg daily (3073 patient-days).* —--

. Thirteen (20%) had possibly clinically important deviations T
from baseline in hemoglobin, ‘hematocrit, platelets and eosinophils. -
-All but one occurred duririg 2000 and 3000 mg bid therapy and -
most during the first six months of open-label therapy. One of .
- . these withdrew from the study due to gastrointestinal hemorrhage
thought probably drug related. ' -
One patient died, a 68 year old man with congestive heart . -
failure, frequent VPD, and hypertension after hospital admission :
following excessive salt intake and non-compliance with his -
medicines. The exacerbation of CHF and subsequent death was -
judged not due to study medication. S

Three (5%) had clinically important antinuclear antibody
(ANA) rise. Clinically important was defined as (a) 4-fold increase
in titer relative to base value if screening titer was <1:40 and (2)a
2-fold change if screening = or >1:40. Thus eight patients who
~  converted to ANA positivity <1:20 during the study were not
' included. : T

» Summary: ' — —

SNDA 20-545:1.28: 16.
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The safety experience of procainamide bid over the one year

__open-label trial presented no surprises.

3. procainamjde-asséciated Blood Dyscrasias

_ At Division request the sponsor performed an
epidemiological study from 1981 to 1990 of procainamide-
associated blood dyscrasias indicative of bone marrow suppression
--agranulocytosis, granulocytosis, neutropenia pancytopenia,
aplastic anemia.-

The three hundred cases identified represent approximately :
0.0022% of new prescriptions written; the annual rates ranged -
from 0.001 1% to O 0036%**

1

__ The higher ratein = _ .- - -
1984 was associated ! S
with a study population

-largely post-thoracotomy 0.003 -
and hence with an o]
incidence of bypass and  _% IS R\
transfusion ~ i

“complications such as ]
thrombocytopenia, and et
CMV infection. Itis ]
further SuggeSted that . BINEY 12 1383 T804 1988 TES 3SET twAR 1a&® 1MN0
many cases may be Yost _
caused by concomitant - . Mmual_Rate of Reported Cases of Protan SR-Assaclated Blood

Dyacrasies

" medications: 71% were !

receiving such, and of
these 81% known to
cause bone marrow suppression“5

It was assumed that the reporting rate was greatly less than
the incidence; assuming one in one hundred reported;-sponsor -
suggests that a fairer incidence might- be 0.22%. of prescriptions
Wntten

“NDA 20-545;1.23.10.

*NDA 20-545:1.23.12.
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» Summary: |

This tnay have not been a very useful study because of an
uncertain population in the denominator; prescriptions written
differ from new prescriptions differ from patients or patient years.
Nonetheless results suggest that procainamide administration
rarely causes bone marrow suppression.

XI. . Conclusions

Twenty-five years ago a plausible new Iﬁreparation for an
established drug would have, like sponsor's qid preparation, have
been approved on the basis of serum assays. ,

A changed regulatory climate and new knowledge about

" - antiarrythmics led the Division from 1987 on to request clinical

trial data to support claims of satjsfactory procamam1de activity
and side effect profile.

The sponsor and the Division reached agreement on an

appropriate parallel trial désign.

There should have been-a straight-forward run to completion
and approval. . - -

The spbnsor s change to a crossover design weakens the -
data. Because of the possible residual effect followmg Crossover,
fully half of rhythm data is-suspect.

Even the patient numbers that sponsor brings forward for
primary analysis may not give the study sufficient power:

Furthermore the study was crippled in its effort to show
efficacy because much of its dosing range was sub-therapeutic.

The overall shape of the data suggests the sponsor's

contention that what their bid preparation performs with the -

efficacy and side-effect profile inherent to the drug.
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From a clinical point of view, if one accepts that oral
procainamide still has a useful place in medical practice (by
‘definition "life-threatening" arrhythmias cry out for treatment),
then the increased ease of compliance with a bid preparation make
its approval if the public interest. The clinical trial establishes
efficacy (although much less well than a parallel design with
adequate dosing could have done}; both clinical and
pharmacological investigations estabhsh safety. 1 therefore o -

recommend approval.
0 ) -
2 _ 6 ﬁ@ /795

. R A , 0"
- é;ﬂd E. Bunker, MD, PhD Date T

edical Officer B ' -

cc: HFD-110 divisfon file, CSO (HFD-110), R. Fenichel (HFD-110) , G.Bunker
(HFD-110), O. Borga (Room 50386). i
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' - III. FISTORY AND BACKGROUND OF THE APPLICATION
1 History

This New Drug Application deals with a new preparation of a
drug historically established in cardiology for forty-five years.

Procainamide hydrochloride, a quinidine-like class IA
— antiarthythmic, was derived from the local anaesthetic procaine by
replacement of an amide for an ester linkage. i

. Mautz observed in 1939 that procaine elevated the :
stimulation threshold of ventricular muscle in the frog. Procaine
administered iv to anesthetized human subjects suppresses
-ventricular arrhythmias but without general anaesthesia causes
unacceptable CNS stimulation. -
Procaine's rapid hydrolysis suggested that its antlarrhyﬂmﬂc ' .
action might be directed through one of its metabolites. Derivatives : :
-were screened by measuring their ability to protect against
* ventricular tachycardia produced by epinephrine 1.n anesthetized
. dogs.

Diethylaminoethanol was shown to have antiarrhythmic
activity less than the parent compound but with much reduced
toxicity, unlike the other derivatives studied. . —

Therefore the search was on to develop a stable related
- compound that would have an enhanced antiarrhythmic effect
without toxicity.

W.A. Lott, an E.R. Squibb and Sons staff chémist, suggested ‘
and synthesized procainamide which in 1950 came into use as an
antiarrhythmlc alternative to its classmate quinidine.! __

Procainamide's place for chronic treatment -- suppression
or prophylaxis of ventricular and atrial arrhythmias -- was limited
by (1) the fact that a small but inevitable number of patients .
develop a lupus erythematosus syndrome and (2) the short half-life ’
of the immediate release oral preparation (2.5 - 5 hours) requiring :

'Mark, LC et al, 'I‘he Physiological Disposition and Cardiac Eﬁects of Procalne Amide J
- Pharmacol Exp Ther 1951;102:5. _—

e T——
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nominalq 3 h -dosing --making compliance difficuit for the elderly
patients who are the usual candidates for antiarrythmics.

Thus to-expand oral procainamide's outpatierit tise pari -
passu with improvements in pharmaceutical engineering (and
doubtless with the expiration of Squibb's patent) several
manufacturers developed nominal qid extended release
preparations, including Procan SR by current sponsor approved on
the basis of bioequivalency studies by the Division of Generic
Drugs in 1980 —

B Qid is more convenient than q 3 h but still irksome. The

next step was to develop and test a bid preparation. But by this
- ~time (1987) the climate of drug.approval, understanding of

“pharmacodynaniics, and ideas about the risk-benefit ratio of anti-

anythmics had changed.

Despite the development of serum procainamide assays,
) effective dose has to be sought clinically. Because of the lack of
- direct correlation between serum levels and clinical effect, also
' because of genetic and physiologic differences in metabolism, dose
and interval need to be tallored to the individual. There is some.
irony to the commercial drive to develop established interval
preparations for a drug that should not be given at a fixed interval;
the name Procanbid has been approved for what should in theory
———-be only approximately a bid preparation.

2. Background of the Application

- In the wake of FDA rejection of several petitions requesting

" approval of sustained release procatnamide on the basis of
bioavailability studies, PARKE-Davis requested a meeting with the
Cardiorenal Division to clarify what would be required for approval
of their proposed bid procainamide.

. During the first meetjng. 3 December 1987, Division ) — .

- recommended a single clinical trial of parallel titrated design '
comparing the proposed new formulation with an approved

procainamide formulation and placebo across a wide dose range.

FDA Office of Drug Evaluation Director Robert Temple — e
himself outlined in 1982 the problems which arise with a two-arm
active medicine trial in the absence of placebo.




1. It is more difficult to prove statistically that two
results are the same than that they are different. If -
both treatments yield the same effect, there is no test
to establish that a statistically significant similarity
exists...

2. Since the investigator does not wish to observe a
difference between treatments, there is no incentive to
conduct the trial well. In fact the more poorly it is
conducted, the more likely that the data will be the

~ same with both medicines... -

3. There is no accepted statistical meams of
demonstrating either medicine worked if there is no -
statistically significant difference between them in -
results obtained. If both medicines are approximately
equal in the effect they elicit, it does not prove that
either medicine is truly efficacious.?

Furthermore, in the case of procainamide there is so little
understanding of the relationship between dose, serum levels, and
effect that it is imipossible to specify what serum levels of two
preparations would be close enough to be deemed "bioequivalent.”

For these reasons - statistical principles relating to the
comparison of two drugs and specific properties of procainamide -
FDA officials advised the sponsors that the bid preparation should
demonstrate ectopic suppression demonstrated by Holter monitor
throughout the proposed dosing interval comparable to that
achieved by an existing preparation (by preference the original
immediate release preparation) and better than placebo.

An increase in adverse effects in the bid as opposed to the
qid preparation would not be accepted as the price for the
increased length of action

Ayear and a half later the sponsors requested a further
meeting to discuss a.clinical study along the lines discussed
previously. The sponsor submitted the following schematic

Spilker, Bert, Guide to Clinical Trials, New York, 1991; p.721.
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{llustrating their plan at this point (15 June 1989.)*
< 74— ¢ d—> ¢ . > ¢ . > T
goa id frocan SR
| 750 mg id | =T
! o ) _ _
| 500 mg gld ] . 2X1,000 mg bigd Procan SR ™
| } . bld
= | 2X750 g bid | ‘
| : o T
Placebo I| 2X300 mg bid | - | Placebo qid Placebho
l . . -
] } | Placebo gid } -
| : )
I_Placebo gid :_‘_-__—- - -
Holter Holter Holter Holter

serum procainamine for pharmacokinetic studies

This trial envisioned enrolling sixty patients in each
treatment arm and thirty-two in the placebo arm. It was judged
adequate to demonstrate efficacy vs. placebo with 95% power at

the 0.05 level.
The Division promised scrutiny. of monitoring hour by hour

*NDA 20-545.1.1 attachment 3. R
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to establish suppression over entire dosing lnterval Neither
decreased efficacy at the end of the dosing period nor increase side
effects at the beginning would be accepted as the price for bid
dosing.

Sponsors asked whether enrolled patients must suffer from
symptomatic ventricular ectopy (according to the
contemporaneous labeling change) or could they also accept
" patients with asymptomatic ventricular arrhythmias. Division's
“advice was "not to hold out for symptoms.™' é

On 6 July 1990 the sponsor met again with the Cardiorenal

Division. Sponsor now understood Division's’approval of inclusion

_ of asymptomatic patients but misunderstood Division's requests —

— with respect to Holter monitoring -- 48 hours after the first dose.
- and 72 hours commencing the last day of dosing

- Not long after (24 Oct 1990) sponsor filed IND{
proceéded straightaway with the clinical trial (protocols 610) 43
- —and 44) since Division deputy director waived the 30-day-waiting .
perlod as requested. ;
. However the protocols were of a design quite_unlike that Ce
——discussed with the Division during the previous years. Instead of a-
parallel design - three (bid, gid, placebo) arms x 60 patients each
subjected to increasing doses of the same preparation - it was a ' -
crossover design. The arms were now defined by dose: placebo, - = -—
1000 mg, 2000 mg, 4000 mg per day. The comparison between -
preparations was now to be by crossover with no washout period.
The patients taking qid would switch to bid and vice versa. The
new design is schematized thus:® =

‘NDA 20-545, 1.1, attachment 3.

* NDA 20-545; 1.24:16. ' : -




o A.Because_of the 'p'ossibllityof can-}over__ant.iarrhythmic effect
it is only in the pre-crossover period that the treatment arms are
completely comparable. This design weakness (to be more fully

- discussed later) brings into question the adequacy of the trial.

The Division's safety-meeting held 30 Nov 1990 did not
discuss the design change -- which did not affect safety -- but did
decide "the proposed study protocol is acceptable and the study '
may proceed " '

Division Medical Oﬂicer Sughok K. Chun expressed concern
at this point that a longer acting procainamide might lead to
increased hematologic sequelae especially relating to leukocyte

—formation. To follow through on this concern the sponsor was
requested to prepare an epidemiological analysis to evaluate
previous frequency of such events. _..

At a later date (3 June 1991) Division questioned the
statistical power of the protocol to sufficiently demonstrate VPD
suppression. In response to protocol amendment #1-received 29

May 1991 Dr. Chun expressed by phone her view that "calculated ™

sample size and power considerations with respect to primary _
" objective and hypothesis probably is incorrect."® Details of
amendment and criticism will be discussed below.

IV. NON-CONCERNS AND CONCERNS ABOUT APPROVING
: PROCAINAMIDE BID NOW

_ _fIND -2.1: Medical Officer's Review, 29 June 1991. o

‘
i




10

1. Non-concerns as Stated by the Division

A. Toxicology and Human Safety
Procainamide has been used clinically in humans for more
than 40 years. For this reason this application does not require
animal or human toxicology studies.

. B. Testing on Asymptomatic Subjects ' i

- Suppression of nonsymptomatic ventricular premature
depolarizations(VPD) in patients proven responsive to and tolerant
of procainamide is taken as a surrogate marker for efficacy in a
population with life-threatening arrhythmias, that is, in the
population for which the drug is currently approved.

' C. TheFuture Clinjcal Place of Procainamide and : e
Other Antiarrythmics -

Recent epidemiologr (CAST, etc ) deprecates the value of
arrhythmia suppression in the absence of severe symptoms. The -
sponsor clearly recognizes this in conservative labeling iridicating
proposed use only in life-threatening arrhythmias.” i : N !

: Thus, although bid procainamide would be far-less used in
the current environment than if it had appeared forty years ago,
there is no intent to question that the parent drug has a place in

" the pharmacopeia. '

2. Concerns . . L . B
A. The Trial Design
There are three objectives that should be met in crder to | -
demonstrate equivalence in suppressing VPD's over r the entire :
dosing range: ' _ -

""PROCANBID tablets are indjcated for the treatment of documented ventricular .
arrhythmias, such as sustained ventricular tachycardia that In the Judgement of the physician, are
life-threatening. Because of the proarrythmic effects of procainamide, its use with lesser
arrhythmias is generally not recommended. - Treatmént of patients with asymptomatic ventricular
. depolarizations should be avoided.” ' ) .

[, —— i
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(1) the active control (procainamide gid) should distinguish itself
from placebo (If not, equivalence is unconvincing). |

(2) procainamide bid also should be better than placebo and

(3) the study should be of sufficient power to show a difference
between the approved and the new preparations if a difference
exists. , R

The real question is whether the crossover design has
adequate power to permit these demonstrations.

B. The Dose Range :

- But logically prior to consideration of adequacy of design the
~ adequacy of the dosing range must be considered. The protocol
used doses of 1000/2000/4000 mg daily. As stated above, dosing

needs to be empiric; serum levels are not reliable guidelines of e

efficacy. Nonetheless the sponsor recommends (in the Procan SR
PDR monograph) an initial total daily oral dose for younger

~ patients with normal renal function 50 mg / kg; i.e.-3500 mg/day.
A study contemporaneous with the approval of Procan SR began
with doses of 3500 mg and increased to 7500 mg as required.®
Mean maximal and minimal concentrations of procainamide and
NAPA were-10.4/12.0 and 6.8/8.7 micrograms/ml respectively. _

"Therapeutic" plasma range of procainamide traditionally
has been regarded as 4 to 10 micrograms / minute with 10-15
micrograms / minute required for some arrhythmias.? Inspection
of the graph "Procainamide Concentration vs Time" in section IX,
"Pharmacokinetic Qutcomes" reveals that only the 4000 mg daily
dose achieved plasma concentrations in the "therapeutic" range.
Doses below 2000 mg / day turmed out not to beat placebo in -
suppressing VPD's; in fact statistically appear to increase VPDs.

Although a low arg—t.l_ably sub-therapeutic dose rai;xge may .

minimize adverse -drug effects, it also makes it more difficult to

8 EGV Giardina et al, Efficacy, Plasma Concentrations and Adverse Effects ofaNew

" Sustained Relqgse Procainamlide Preparation, AJ Card, Novemb'ei"'lQBO: 46.855-862.

® Anderson, JL, Conventlonal and Sustained-Release Procaimamide: Update on
Pharmacology, Clinical Pharmacology 1985, 7:5.618-40.
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demonstrate dose related efficacy. The FDA advised the sponsor in
a letter dated 14 August 1991 summarizing the 6 July meeting

‘that they must "study all useful dosages."'® This was not done.

V. CHEMISTRY

Procainamide Hydrochloride is formally named Benzamide,4- |
amino-N-{(2-diethylamino)ethyl}-,monohydrochloride or p-Amino-
N-{2-(diethylamino)ethyl}benzamide monochloride.

| n,ﬁuacn,cn,u(cngu,).-ac:'

— Cam eI

The molecular formula of procainamide hydrochloride is
C,sH,;,N,O.HCl. The molecular weight of thé anhydrous
monochloride is 271.79 and of the anhydrous free base 235.33.
See the chemist'sreview for a detailed discussion of chemistry.

VI. CLINICAL PHARMACOLOGY AND PHARMACOKINETICS

See the Biopharmacological review for detatled discussions
of clinical pharmacokinetics. Here are a few considerations:

Absorption of oral procainamide appears to be a first order
process taking place at all levels of the small intestine; the rate of
absorption varies among mdividuals

The most important clinical consequences of procainamide
metabolism are (1) the formation of the active metabolite N-acetyl

_procainamide (NAPA), (2) the bimodal genetic distribution of fast

and slow acetylators in the population, and (3) changes in
metabolism with changes in body function and concurrent
medication. )

NAPA itself has significant anti-arrhythmic activity with a

~ half-life of approximately seven hours in normal volunteers. It has

been investigated for possible use as an antiarrhythmic because it

YIND
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seems less prone to cause the lupus syndrome than the parent
drug. NAPA is cleared to a greater extent by the kidneys than the
parent compound (85% vs. 50%]) so it accumulates faster with
decline in renal function. - ) .

About half the population of the United States - black and
white - acetylate procainamide and other drugs - isoniazid,
sulfamethazine, dapsone, sulfapyridine - quickly; the other 50%
are slow acetylators. ' o o

With respect to this trial it was decided not to stratify by
acetylator type but to depend on random selection to randomize
for that characteristic. : ‘ R
Metabolism and serim levels are also affected by glomerular - _
filtration rate, and in congestive heart failure, liver disease, obesity
and by concurrent therapy with such drugs as amiodarone,
cimetidine, and trimethaprim. - T

Eleven studies were conducted in héa.lthy volunteers to:

. (1) assess the pharmacokinetics of procainé.mide tablets bid
vs. qid tablets and the effect of food on absorption'!

(2) assess the dose-proportionality of the bid tablets --
- leadlng to the rejection of the 750 mg bid preparation—and
-3 assess the bioequivalence of the bid formulations
prepared for the clinical trial, "clinical study tablets," with those

-

11610-35 12 volunteers; bioavallability of bid corhpared with Procan SR qid; effect of 'food on -
bicavailability of bid. single -dose, non-blind, 3-period crossover; bloavailahility of 1000 mg bid
tablets equivalent to 1000 mg Procan SR. Negligible efféct of high-fat meal on bid absorption.

610-38 ldentical to above'éomparihg bioavailability of 500 mg bid vs. Procan SR 500 mg. '

610- 39 18 volunteers; 1000 mg bid vs. Procan SR 500 mg. Bid showed similar absorption,
and increased release time.

610- 40 identical to above comparing 500 mg bid vs. Procan SR 500 mg.

-
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prepared for eventual sale, "market image tablets."?

‘Brief comment on biopharmacokinetic findings of the clinical
trial appear following-discussion of its design. -

VII. DESIGN OF THE CONTROLLED TRIAL (PROTOCOLS 610-
43 AND 610-44)

~ SUMMARY: The protocols comprise a single multi-center trial’
evaluating VPD suppression, bioequivalence, and safety.

Fourteen centers in Florida, Illinois, Kansas, Michigan,
Minnesota, Ohio, and Virginia participated. The first patient
_ entered the two-week double-blind crossover on 6 December 1990
and the last patient finished 30 December 1992.

All the centers participated in the double-blind, placebo-
controlled, dose-response, formulation crossover pitting the new
bid preparation against the approved qid Procan SR and against

—placebo. -

The primary objective was to demonstrate equivalent
suppression of ventricular premature depolarizations with an”
——equivalent side-effect profile. Secondary objective was to evaluate
procainamide and NAPA pharmacokinetics as a function of dose - -

and formulation and to characterize the relationship between
plasma concentration and VPD suppression. Six of the fourteen -

12610-47 24 volunteers: 500 mg bid clinical trial formulation compared to 500 mg market-
image bid; Bioequivalence.

610-49 24 volunteers; dose proportionality of market-image bid; comparison of absorption
kinetics with Pronestyl: 750 mg bid releases drug faster than 500 mg, 1000 mg bid.
- 610-51 24 volunteers; demenstrating equiva.lent bioavailability of 1000 mg clinical study .
bid vs. 1000 mg market-image bid. .
610-52 23 volunteers; dose-propertionality of market—lmage 500 mg, 750 mg. 1000 mg bid;
drug release was faster and greater from 750 mg. _

610-53 24 volunteers; 500 mg market image bid vs. clinical study 500 mg bid; extent of
absorption similar but C max of market image slightly higher; absorption of clinical study tablets
- slower than expected due to altered manufacturing conditions. - -

. 610-54 24 volunteers; dose proportionality and bloequiva]ence of market-lmage 500 mg bid
vs 1000 mg bid




described in Protocol 610-43.

Protocol 610-44, identical to 610-43, but without
bioequivalence studies, applied to the remaining eight centers. In
other respects the two protocols make up a single study with
pooled data.

Statistical analysis shows that there was no significant
treatment x center interaction.

Aftgr completion of the two-week double-blind crossover,
these same patients (including those treated with placebo) were
invited to use the new preparation for one year to evaluate safety
and adverse events - Protocol 610X (with respect to the six centers
which had studied bioequivalence) and Protocol 610-44X (wlth
_respect to those which had not}: -

PROTOCOL'

The original protocol is dated 26 July 1990, It was amended
three times: 2 October 1990, 10 May 1991, 14 October 1991.

_— The followmg description is that of the protocol as amended
' unless otherwise noted.

Since the patients for the "open-label” extension safety trial
flowed out of the double-blinded crossover, they had already been
screened for the same enrolment and exclusion criteria and thus

-—all the specifications enumerated below applied in equal measure.

» Efirollment criteria: -

- . To enter the first week, procainamide washout leading up to
receiving active drug (or placebo), each patient had to.be

(a) 21 years or older

(b) if female, post-menopausal or proven non-pregnant

(e curréhtly responding to and tolerating procainamide SR

—
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therapy for the indication of frequent VPD* and

(&)_t;tal dose of procainamide SR 4000 mg or less.

» Qualifying criteria:-
In.order to enter the douhle-blind peﬁod the paﬁents must:

— " (a) demonstrate at least 30 VPD per hour on'a 48 -hour
Holter recording :

[b] of these, at least 40 hours must be evaluable
> Exclusion criteria: —

So far as was possible all entrants were stable and not likely
to become emergent. Speclﬂca]ly the following were grounds for
exclhasion: —

-..— 1. doGumented history of 'life-threatening ventricular-
arrhythmias'® or syncope of cardiac origin
2. history of acute myocardial infarction, coronary -
angioplasty or open heart surgery within the previous three
months

3. NYHA Class Ill or IV heart failure o

- 4. pacemaker dependence or internal defibrillator affecting
evaluation of Holter records'®

*This was amended to allow lncluslon of patients with previcusly untreated VPDs: They were

briefly treated with procainamide to prove that their arrhythmia was responslve

Y(revised to 20 VPD/hour,)

15(hemocl;,rnannr;ally unstable ventrlcular tachycardia or sustained ventricular tachyca.rdia or

fibrillation requiring cardioversion.)

16 Later amendment admitted non-pacemaker-dependent patients.

— e

-
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5. Patients with known accessory bypass tra_cts

6. Patients with 2nd degree (Type Il Mobitz) or 3rd degree AV
block QTc > 550 msec, or symptomatic bradycardia—”

7. Systolic blood pressure <90 mm Hg or r uncontrolled
hypertension defined by a systolic blood pressure >170 mm Hg or
a diastolic blood pressure >110 mm Hg ’ —

8. Unstable angina

9. Significant hepatic disease {AST or ALT 2X upper limit of
normal)

-« 10: Significant renal disease (BUN 2X upper limit of normal
or creatimne > 2 mg/dL)

11. any condition which could result in sigm.ﬂcanﬂy altered
absorption, distribution, accumulation. or excretion of
procainamide

12. previous treatinent with amiodarone

13. freatment with barbiturates within 4 weeks prior to
entry into study , R

14. current or recent illicit drug use/alcohol abuse

15. current or recent treatment with any investigational
drugs '

» Concurrent medication

- Patients continued their current medications with the
exception of alternative antiarrythmics. The antihypertensives
verapamil and sotalol which have antiarrhythmic action were
excluded

~ » Treatment regimen:

On study day 1 after history, examination, clinical e
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laboratory and EKG, eligible patients began a week unblinded
"wash-out" off procainamide. From day 5 to 7 they were Holtered
for 48 hours to establish VPD level.

~ Eventually ninety-nine patients randomized to eight groups
began the active treatment stage, day 8.

There were eight groups as follows:

1. qid placebo crossed-over to bid placebo,

2. bid placebo crossed-over to gid placebo,

3. 1000 mg total daily dose of procainamide: qid preparation
crossed-over to bid,

4. bid preparation crossed over to qid,
5. 2000 mg total daily dose of procainamide qid preparatlon
crossed-over to bid, :

6. bid preparation crossed-over to qid .
7. 4000 mg total daily dose of procainamide: qid preparation
crossed-over to bid, and L

8. bid preparation crossed over to qid. 17

The medications were compounded and dispensed so that
neither investigator nor patient could determine whether active or
placebo was being given, whether the dosing was bid or qid or
what dosage level was being dispensed. .

T Al tablets were coated grey. A large placebo tablet
(designated PL.in the table below) mimicked the 1000 mg
preparation, a small placebo tablet (designated PS) the lower
doses. :

The bid-qid tgli_ndiwas maintained by giving a.ll patients
bottles labelled "A" and " B" from which they were to draw
medication consecutively,'®

Thus regimens for the four crossover pairs were as follows:

"NDA 20-545; 1.24:125,127. -

¥IND L3113 fh
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Placebo crossover (1 and 2 above):

Large qid tablet from bottle A, large bid tablet from bottle B
alternating with small qid tablet from bottle A, two large tablets:
from bottle B bid.

Bottle A Bottle B vs. Bottle A  Bottle B.

e ToL T % e ]
12 noon |PL PS
6 pm PL PL PS - PLPL .
12 PL PS N

| midnight | - -

1000 mg total daily dose crossover (3 and 4 above):

Large qid tablet from bottle A, large bid tablet from bottle B
alternating with small qid tablet from bottle A, two large tablets
from bottle B bid.

Bottle A  Bottle B vs. Bottle A Bottle B
6am |PL - _ |500bld ] 250SR  |PLPL |
12 noon |PL : 250SR ‘
6 pm PL 500bid 250SR —| PLL.PL
12 PL - 250 SR .
munghe | | ] | ]




2000 mg total daily dose pair (5 and 6 above):

Small qid tablet from bottle A, large bid tablet from bottle B
alternating with small qid tablet from bottle A, two large tablets
from bottle B bid. '

Bottle A Bottle B vs. Bottle A BottleB

6 am -PS - 1000bid SOOSR PL PL —
| PS 500SR
12 noon : oL
116 pm PS 1000bid | 500SR . |PL PL
12 PS | BOOSR - -
midnight | . |

I

__4000 mg total daily dosé crossover:

~ Large gid tablet from bottle A, large bid tablet from bottle B
alternating with small qid tablet from bottle A, two large tablets
bid from bottle B

Bottle A Bottle B vs. Bottle A Bottle B

6 am 1000SR |PL | PS 1000bid || -
| - 1000bid
2 noon | 1000SR PS
6 pm. 1000SR | PL PS 1000bid ~
| . 1000bid
112 1000SR PS
.midnlght

It is only the 2000 mg total daﬂy dose bid sequence which
. breaks total symmetry Placebo, dose and interval are well—
blinded. : :
- Holter monitoring.was performed for the first 24 hours'-""

20 .
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beginning 30 minutes before the first procainamide dose and again
. for 48 hours from day 12 to 14 at the end of the first cycle.

At the end of this 48 hour Holter, the bid and the qid
groups received their first dose of the alternative “crossed-over”
preparations, day 14. No "washout” procainamide-free interval
was provided and no Holter was performed during the initial phase
of the second cycle. ] .

_ On day 19, the sixth day of the second cycle 48 hour Holter
: monitoring commenced. Medication ceased with the second dose
- on day 20, the seventh day of the second cycle; 86 this Holter
— overlapped the withdrawal from medication. " A further 24 hour
: Holter was carried out from day 21 to day 22, off procainamide.-

- = Demographies and Treatment Group Comparability:”

- The protocol's patient population was not diverse. The
" requirement of Ventricular ectopy makes it not surprising that the -
mean age was 67 years. Little gender or racial diversity was
achieved: eighty-three percent were white men.

- '_ Recruiting in fact became more difficult in the course of the
' study as concerns about the safety of antiarrythmics increased.
This necessitated the protocol amendments already mentioned.

 APPEARS THIS WAY
- © ONORIGINAL
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Study 610-43/44: Chasactexistics of Patients Randomized to Trratment

Tecbiacd BID and QLD Formoe (Bgiasy) Formistion Sequcote
Chartctaristics Flaoobo 1000 000 - &00 "B-QID  QID-BID =y
Nea® NuM FeZl W=D N =50 Nedap :
Gesder, N (%) -
L - Women y ua» 4 00 5 @h 4 (o . e T (e
Men 2 oy » @y r” 09 [T -] © @ 42y 2
Racs, N (%)
Whte O T » a3 X &y an  oh “an o9 an
Kk 3 D 3 oy 1 “) 1 ¢ 4 M ¢ ()3
Oeber 1 M) 1 ) 1 [ 2 - 2 ©
Agy, s o
Modmn a7 s 6 “ 535 &
Min, Mz 31,93 51,5 5,03 . 56,77 L) e
Disiribution by Age, H (%) — - ) - : S
. <GS yexsn L - ) Y S+ . )| 1] 8 6§ o 508 17 a9 -
265 yurs oD 6 6N 150 ey Bo@ @ oy 2 @) '
—.. __ Nuxber ! VPIsar B ) .
Madinn 12 o 1% 136 103 145

g : Wia, Max 2¢, 1460 2, e 0, 2836 29, 145 29,718 3,45
} PO = Vaniricular peesisturs depalativen, : _

’ As shown in the table above'?, the various dosage groups
‘‘‘‘‘‘‘ seem to be well balanced with respect to gender, race, age, and
- VPD rate. It is true that very few women or blacks were included. - o

» How Much of a Difference in VPD Reduction Would
Constitute a Disproof of Equivalence? - _

—— Statistical analysié begins with the null hypothesis that
there is no difference between the evaluated populations In this

*NDA 20-545;1.24.25.
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 that with respect to VPD suppression procainamide bid is
.equivalent to the approved formulation. To be convincing, the
study must have enough power to detect a difference if it exists.

The final draft of the original protocol (26 July 1990) stated

It is expected that the mean reduction in VPDs for the
Procan SR/QID treated patients will be 50% over the
three dose levels. The total number of patients
required to detect a difference of 30% between the
mean percent reduction in VPDs in the procainamide o
- SR/BID formulation -treated patients and the Procan S

- SR/QID-treated patients, over the three dose levels

- with 95% power at the 0.05, two-tailed; is 100

'—. . evaluable;or 25 patients per each of the-three active

o treatment groups and 25 patients in the placebo

group. This calculated sample size is based on the

assumption that the standard deviation of percent _—

reduction in VPDs for within patient groups is 25%. 20 -

- »How much VPD suppression to distinguish active treatment
- from placebo?

In order to validate an equivalenc_e study, to demonstrate
that acceptance of the null hypotheses is not due simply to wide
____ variance, the active treatments must stand out against placebo.

"~ Once again the degree of difference it is desired to detect between
the treated and untreated groups affects the power of the study,
number of patients required, to detect it. Protocol amendment of 2
October 1990 reads

tis expected that the mean percentage reduction in
VPDs for the high dose of procainamide bid will be
_70%. The mean response of the placebo group is
expected to be 10%. The total number of patients
required to detect the difference between the high dose

of procainamide BID and placebo with 95% power at
the 0.05 level, two-tailed, is 88 evaluable or 22
patients per treatment group. This calculated sample

NDA 20-545; 1.24:95. - -
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size is based on the assumption that the standard
deviation of percent reduction in VPDs for between
patients is 25%. Twenty- two patients per group will
also provide information about the similarity of the
“two formulations (relative difference between
formulations within 30% by confidence interval
analysis) - , o
As previously mentioned, division medical officer Sughok K. )
Chun in her IND review of this amendment dated 3 June 1991 i
- took exception. She felt that sponsor was underestimating placebo R
response and therefore underestimating patient numbers required
to achieve statistical sigmﬁcance
'Sponsor calculated the sample size with expectation T T
that the mean percent reduction in VPDs at high dose . R ‘
of procainamide BID will be 70%. The mean response o -
in the placebo group is expected-to be 10%. However, @ .
-the placebo response in VPD reduction is around 30%
(20-40%) In various antiarrhythmic studies that
calculated sample size and power considerations with
respect to the primary objective Hypothesis testing is
probably incorrect.?

VIIL. WHAT DATA ARE USABLE?

(1) How many patients qualify for evaluation?

The original parallel trial design envisaged 270 patients B
necessary to achieve adequate statistical power; the crossover
design first envisaged 100 patients. This was, contrary to Division

advice, revised down to-eighty-eight. In the end the data from only
' 77 patients was judged evaluable. The scheme below illustrates
the process.”

' *NDA 20-545;1.24:104.
‘BIND 2.1:N(P1)004/5/29/91. B . ‘ -

" ¥NDA 20-545;1.24:34
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PAA = Prinzry Actiy Araiysis.
DB = Double Bind
AEs = Adverss Everts,

' (2) How good is the Holter dgtg__? _

e ———

As may be seen above, 16 patients were excluded from
analysis for failure to have 24 hour Holter data at baseline or at
either double-blind visit. But sponsor had been advised in writirg
on 14 August 1991.-of the need for 48 hours after the first dose
and 48 hours after the last dose plus 48 additional hours to
observe return of VPDs (total 72 hours), so what was provided was
substantially short of what was deemed requisite by the Agency.*

#IND . 2.1, 14 August 1991.
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- It is uncertain from the protocol how rigid was the timing of
the Holters in relation to the protocol dosing schedule. According
‘to the protocol, “To allow flexibility in scheduling patient
appointments ... the-start of Holter ECG recordings ... may be
scheduled 1 day earlier or later than the day shown in the

flowchart."#*

So there is some doubt about the quantity and timin& : T
" precision of the Holter data.

-~

—— *

{3) Is the Post“-crosover Data Evaluable? _'

When sponsors presented their IND they substituted for the
parallel trial earlier discussed a crossover design with no provision
for washout; in other words, used the first of the two designs )

illustrated below 26
The I. SINGLE CROSSOVER WITH NO INTENVENING BASELINE -

possibility that T, ND Moqione res Imerval:

data in the post- . T A Is ) LT
-—--- Crossover phase __ - < >< > BL _

may be o o

_contaminated by Tr 8 T.B : -

what has 2. SINGIF CEOSSOVEH WI"H_MTFRVENING BASELINE _ n

“happened in the A o L

pre-crossover _ - A a ‘o
- phase is a well- . ?’LD—{ }
known weakness -- o

of the crossover
design.

- , There are
two mechanisms for post-crossover contamination. The firstis
biopharmacological Antiarrythmics in particular may contjnue a

2 NDA 20-545:1.24:84.

%gpilker, Bert, Guide to Clinical Tdals, New York, 1991, p.33.
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therapeutic effect for a time even as serum levels decljne"s.'fter
cession of treatinent. The second is statistical. "Period x treatment
interaction" may indicate a carryover effect, confoundjng analysis
despite biological implausibility.

. What should be done at this point to evaluate this
application for approval? One authority says, "the only acceptable
option ... is to view the first part of the clinical trial as a parallel
design and to compare the data of the two groups. "

"This approach,” he continues, "is invariably unsatisfactory - -
because fewer patients were originally enrolled’ifi each treatment -
group than would have been enrolled if the clinical trial were
initially designed as a parallel trial.". ¥ -

__ —If the VPD suppression outcomesfneed to be recomputed -
using pre-crossover data the evaluable patients will be reduced to
ten on 4000 mg, thirteen on 2000 mg, tent on 1000 mg, daily doses
of procainamide-bid. These may be compared to similar numbers ~
receiving procainamide qid and seventeen receiving placebo. %

A strong argument in favor of accepting the post-crossover
data is that Holter recording performed after the second active
treatment week, that is, on completion of the study, VPDs of
patients on active treatment (squares and empty circles) reached
the level of the placebo patients (solid circles) within 24 hours. ¥ —-=

¥ Spiker, Bert, Gulde to Clinical Trails, New York, 1992, p- 32,

*NDA 20-545:1.24.246.

NDA 1.24:239, ‘ o
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Since the Holter data for the post-crossover period was
taken at the end, it can be argued that in fact pre-crossover drug
effect contamination may have been small. This argument does
not address the "period x treatment” interaction” objection.

VI VPD SUPPRESSION OUTCOMES

Computations on patients accepted by the sponsor for

To be included in the primary analysis, a subject had to
- have at least 24 hours Holter at screening (48 hours, on day 5 to 7
- per protocol), 24 hours at the end of the first period (48 hours on
R — day 12 to 14 per protocol) and 24 hours at the end of the second
~ period (48-hours-on day 19 to 21 per protocol).™

: Note that the 24 hour post-second-period 24 hour “washout”
- ‘ Holter is not required. Note also that Holters may be one day early
or one day late from protocol time. -

Seventy-eight patients met the above criteria; one patient
was removed as a statistical outlier -- because his VPD were
extremely increased on both preparations -- leaving Holter data
from 77 patients. ' o

—— 1. Percent Changehln Baseline vs. Placebo : -

The main efﬁ_caéy measure analyzed was percent change
from baseline in mean VPD per hour. This was calculated for each -
monitoring period as follows

% change = 100 * (VPD Baseline)/Basellne

- _. ‘ where VPD = VPD/hr and Baseline = VPD/hr during basehhe
Holter. o '

- - Negative values represent decrease in VPD, the desired -
result of treatment.*

I'NDA.20-545 1.24:36. - R . N

primary activity analysis were done as follows: . ‘ e




PERCENT CHANGE IN VPDs BY PREPARATION AND DOSE*!

Placebo No. of BID fols)
PATIENTS
' 20.35 (-13.85, 54.54) 0.58'(-33.61,34.77)
18 ZBT0Q,
 1QguB ;
1000 19(10Bto Q. -14.66 (-48.35,19.03) -19.68 (-
I mg/day 9 Qte B} ) 53.37.14.00)
2000 ~ | .2103Bwg. -40.52* (-74.67.-6.18) |, -35.81 (-70.15.-1.46)
mg/day .- 8@ B ' . -
4000 " 19(0Bto Q. -50.39* (-86.65,-20.12) | -20.81 (-63.18,3.35)
mg/day 9QtB i
*Thdicalcs that the mean IS 8 cantly diiferen corTes| mean P group.

- 30

Inspection of the above table® reveals the goal of 70% VPD

suppression at the 4000 mg daily dose of the bid preparation is

not reached. Nonetheless the 95%.confidence limits for the 2000
mg and 4000 mg doses are negative, suggesting statistically
 significant suppression as compared to placebo.

— The lower confidence levels of placebo rahged between -

13.85 and -33.61. The Division-had noted that the placebo effect
as seen in current studies was 20% - 40%.

Whether statistical review will support and find significant

sponsor's interpretation of nearly 60% reduction remains to be

secn.

The fact that the bid preparation at 1000 mg and the qid
preparation at all doses.fail to achieve statistical significance in

VPD suppression is, I believe, due to failure of the protocol to .~
provide an adequate therapeutic dose range. The VPD.

3'prep::u"ed from data presented in NDA 20-545;1.24:241 and 246.

¥ NDA 20-545;1.24:247.

L e
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suppression efficacy of the approved preparation is not in
question.

2. Comparison of VPD Suppression between Preparatlons

The difference between the qid and bid preparations with
respect to VPD reduction was. calculated by

D =(bid % change) - (qid % change). ST

Therefore positive D favors gid and negative D favors bid.
This data is presented in the following table - —

. FORNILATION DIPFERTECES AMD ASSOCIATED CORYIDORCE IWTTRVALS TOE
FTHCENT CHANGE TH ¥P0m

In this case the objective CUTERT To_TREST ARALTSIS

is to prove lack of - _ © Bitterence (sm2-a10)
difference, that is, the © —Dumarew 3% Contidenca Int.
i} - 1000 mg/day 2.0 (- T80, s4.01)

closer the mean is to

zero, the stronéér the 2000 ngrdny U9 (-1l.42, 40.09)
stuciy hypothesis o Yoo mgitay S19.66 (54,13, 15.06)
The study design had . ) All Active Doves - O.G'G 12,35, .75
asserted that equivalence

with respect to VPD

suppression would be established if the 95% confidence interval i

for the absolute difference between the bid and qid formulations
fell within +30% and -30%. The recorded confidence interval
(+¥25.55% to.-12.55%) more than meets this preset standard. In -
fact the data seems to support greater equivalent dose efﬁcacy of
the bid preparation

Once again, the weight of this computations awa,its
statistical review.

compiled from tables contained in NDA 20-545;1.24:246 and 247.
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- - This information is
. presented graphically. *

< gip - o Eep* Dap*

B ]

IX, -
PHARMACOKINETIC
OUTCOMES

Pharmacokinetic
" (serum level) studies
were conducted on only
43 of the 77 patients
who were analyzed for - Py R a—
VPD reduction. These ° Prociinamide Dose {molday)
_ were trial patients at six : o -
of the fourteen centers. T R ,
These studies are specified in Protocol 610-43. : -

W

L8 o8 8 8 8

Mesn Percent Changs from 8aseline in
Ventricular Premature Depolarizations

8

8

. These studies o -

- —{1)-evaluating procainamide and N-acetylprocainamide - _
pharmacokinetics as a function of dose and formulation and ‘ C

(2) characterlzmg by pharmacoldneﬁc/ phannécodynamic methods -
—-—-f the relationship between plasma concentration and .
pharmacologic effect : o -

contained in NDA 20-545, volumes 1.13 and 1. 14 respectively are - = - —
‘interestingly reviewed by Olof Borga, PhD., biopharmacologist. 2

A. Procainamide Concentration irs. Time by Preparation and
Dose® ' ‘ . -

“IND 2.1, 14 August 1991.

INDA 20-545;1,1:100,
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Mean Plasma Procainamide Concentration-Time Profiles at Steady State
Following Admigistoation of Procainamide BID Taldets q12h oe
g Procainamide QID Tablets qfh at Each Dose Level, Data from Visits 5
- and 7 were pooled to calcylatc mean values by formulation
{Protocol 610-43) e

_ Sponsor submits the data from which after elaborate
— - statistical analysis the above graph is drawn in appendix D,
volume 1.13. Their own conclusi-n is that "Minimum plasma




34

concentrations following administration of procainamide BID
tablets every 12 hours are slightly lower than those for
administration of Procan SR tablets every 6 hours."*

The argument is made -however that the overall .
pharmacockinetics are equivalent.

Despite the fact that the study design and patient

— ' population were suboptimal for bioavailability -

comparisons across formulations, 90% confidence : ;
intervals for ratios of dose-normalized mean Cmax and :
-mean AUC values were within or virtually within an
80% to 125% interval indicative of bioequivalence of
the two treatments. When data-from all dose groups
were combined, procainamide BID tablets were
bioequivalent to QID tablets with respect to maximal
observed concentration and extent of absorption.” o

- Mean Cmin values for BID tablets were lower than —
corresponding values for QID tablets. )

: According to FDA si:a-lndards hoﬁvever, bioeqt_;ivalenc;means
. that the outer 95% confidence limit (not the mean) of the tested
drug be within 20% of the mean of the standard -

B. Relationship Between VPD Rate and Plasma Concentration
of Procainamide and NAPA** = - .—

The following graphs presented by the spohs&‘ of VPD
- suppression vs. procainamide and NAPA suppression are difficult

NDA 20-545;1,13:17.

3NDA 20-545;1.1:99,

»NDA 20-545;1.1:130.

—_—
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to analyze.* -
- | APPEARSTHISWAY =
' ON ORIGINAL B
*® NDA 20-545, 1.1:130 and Dr. Borga's draft review. ] B
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- Efforts to model this data to achieve a concentration-




response relationship 200 -

have been unsuccessful. i {o 'm0 o oo]
One serious difficulty in 192 - /\ S
constructing a consistent g .

f

statistical model is that "

k

the mean VPD rate 4

graphed vs dose actually

shows the VPD rate Y
increased above placebo - ] ok Covg Gt o

at the 1000 mg dose in : _
- the 43-patient sample —_—
who were assayed : e
pharmacologically.*
This is not true in the
overall analysis of 77
patients which showed
19.68% (-53.57, 14.00)
reduction at the 1000 mg

MEAN 5S VPD RATE (%8L)

dose. The only tentative T o o —
— finding is a decrease in B DOSE (ma/doy)
o clinical effect with '
" increasing age.

Steady-state VPD Rate vs. Mean

Dr. Borga therefore |
feels that because the Procainamide Concentration and Dose

plasma concentration- E—

time profiles of the twcrpreparation_are “"far from identical" the
sponsors' claim of equivalence with respect to VPD suppression®
) : is not accurate. He believes that the failure to establish

T, concentration-effect relationship is due to "(1) alarge intra- and
inter-subject variability of the effect at a particular concentration
and (2) a weak response to the drug." The anomalous finding of
VPD increase at the 1000 mg dose appears to be due to an
unfortunate population sample and a subtherapeutic dose.

“* prepared by Dr. Borga from sponsor’s data. ‘ - o Sl

4! NDA 20-545; 1.1: 131.




X REVIEW OF CLINICAL OUTCOMES
The new preparation came short of its stated goal for _
demonstrating suppression of VPDs although at least accepting

post-crossover patients, it is significantly more active than
placebo.

In the clinical trial a new drug (procainamide bid) was pitted ' -
* against active control (procainamide gid) and placebo.

The questions to which the trial should have provided

- affirmative answers leading to an affirmative afiswer to the
. application are: 1

(1) Is the active control (Procan SR) better than placebo in this
trial?

(2) Is proca;_x_;amide bid better than placebo? 7

(3) Is the study powerful enough to tell a difference if one exists?

— - The approved drug is ;pso facto better than placebo but may ~

not have been so demonstrated under the conditions of this trial.
. The dose range was far lower than that used for previous trials
leading to approval. The anomalous increase of VPD's in a subset
-at the 1000 mg dose is partially explained by being -
subtherapeutic

The answer to the second question is that data as analyzed -

‘does show bid superiority to placebo. But if data is discarded, will
it still be possible to make the same demonstration? -

The third question - does the study have enough power to -

. show a difference? - awaits further analysis.

.medication.

'XI. SAFETY OUTCOMES

The sponsor provides (1) elaborate documentation of -
laboratory parameters and complaints during the two-week—
crossover period and more significantly, reports (2) one-year follow
up of a subset of these same patients maintained on the study
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In response to Division's request, sponsor also preﬁsred {3)
an epidemiologic survey of procainamide-related bone marrow
suppression. :

- 1. The Two Week Crossover Period

In evaluating the safety data from the crossover study period -
one should keep in mind the particulars of the study:

(a) patients were already proven tolerant to procainamide

. (b) patients were selected for stability and absence of risks

(c) the short time involved. - - ST
Assuming therefore that this new preparation of a drug -

widely used for forty years was not grossly toxic, drug-related

significant untoward events were not very probable.

64 patients reported a total of-154 adverse events,*?
The most frequent complaints were asthenia, dizziness, -
chest pain, palpitation, and dyspnea. Chest-pain occurred more
frequently in the procainamide group than placebo, arrhythmia
and palpitations evenly distributed across dosage groups and -
formulations. There were no malignant arrhythmias. :

——  Not mentioned above are two patients with proarrythmias --
one patient increased his VPD rate 4 times on Procan SR and 10 -
times on ‘Procanbid; another increased his VPD 4-fold on Procan
SR.

Three patients on active drug were beset by senous adverse -
‘events durlng the two week trial.*® ;

? NDA 20-545; 1.24:46.

. “NDA 20-545:1.24:51-53, | ' —
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1. A 72 year old man with CHF, angina, ventricular ectopy,
suffered a non-@-wave myocardial infarction after two days of qid
procainamide 2000 mg qd. He continued procainamide and made
a good recovery and completed the study.

2. A 74 year old man receiving bid procainamide 4000 mg total
daily dose was hospitalized for two days after 6 days of treatment
for recurrent chest pain. He was withidrawn from the study after
— 13 days of treatinent. His angina continued after withdrawal of
procainamide which he had tolerated for several years.

3. A 68 year old man with CHF secondary to cardiomyopathy was
hospitalized due to worsening of his condition after less than a day
on procainamide bid 2000 mg/day.-He was diuresed, released, and
‘completed the study.

The sponsor's judgement that none of these events were

related to study medication seems justified

— > Summa.ry
_ There was no serious or unexpected toxicity related to
procainamide bid in the two-week blinded study.

2. The One Year Open-Label Continuation Safety Trial
(Protocols 610-43x, 610-44x) e

Patients completing the double blind crossover trial were
- given the option to continue on the new preparation for one year to
assess safety and side effects.

- Sixty-eight patients entered this phase; twenty withdrew
from the study, nine for adverse events, eleven for other reasons.
One patient died, leaving 47 patients who completed the year's -
therapy. . :
—Since this study was a continuation of the blinded trial, it

had the same inclusion and exclusion criteria, and roughly the

same demographic profile: most of the patients were white men

over 65.

e, e

p—




- days) or 4000 mg daily (3073 patient-days).*
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Twenty-five percent of the participants had been treated with

placebo during the trial; hence all participants received 24 hour
Holter monitoring two weeks into the study.

_ Monitoring was focussed on development of (1)
hematological and immunological abnormalities, especially
antinuclear antibody titer (2) proarrythmias and (3) adverse

symptoms

Baseline laboratory values were taken.to be those at the
beginning of the-double-blind clinical trial.

- Although one patient received procainamide bid 1500 mg
_daily, the remainder received 1000 mg daily (864 patient days),
_2000 mg.daily (11,625 patient-days), 3000 mg.daily (5900 patient

Thirteen (20%) had possibly clinically hnportant deviations
from baseline in hemoglobin, hematocrit, platelets and eosinophils.
All but one occurred during 2000 and 3000 mg bid therapy and

- most during the first six months of open-label therapy. One of

-these withdrew from the study due to gastrointestinal hemorrhage
thought probably drug related. -

One patient died, a 68 year old man with congest:lve heart
failure, frequent VPD, and hypertension after hospital admission

~following excessive salt intake and non-compliance with his

medicines. The exacerbation of CHF and subsequent death was
judged not due to study medicatjon

Three (5%) had clinically important antinuclear antibody .
(ANA) rise. Clinically important was defined as (a) 4-fold increase
in titer relative to base value {f screening titer was <1:40 and (2) a

- 2-fold change if screening = or >1:40. Thus eight patients who

converted to ANA positivity <1:20 during the study were not
included.

> -Summax__'y:

“NDA 20-545:1.28:16.




* medications: 71% were

NDA 20-545;1.23. 10.
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The safety experience of procainamide bid over t.he one year

open-label] trial presented no surprises.

3. Procainamide-associated Blood Dyscrasias

At Division request the sponsor performed an
epidemiological study from 1981 to 1990 of procainamide-

-associated blood Dyscrasias indicative of bone marrow

suppression --agranulocytosis, gt‘anulocytosis neutropenia,
Pancytopenia. aplastic anemia. -

The three hundred cases 1dentiﬂed represent appro:dmately
0.0022% of new prescriptions written, the annual rates ranged :
from 0.0011% to 0. 0036%*. :

The higher rate in
1984 was associated
with a study population
largely post-thoracotomy .08
and hence with an .
incidence of bypass and £
transfusion — 8

complications such as N
thrombocytopenia, and ol §

— o004

CMV infection. Itis ]
further suggested that
marny cases may be
caused by concomitant

o 1 Ll
181 1M 18 1AM

“Annoal Rate of Maportad tAses of Procan Sh-Asanciatud Bivod
Ryscrasias

receiving such, and of _ : ' ,

these 81% known to - o

cause bone marrow suppression®. -- -

It was assumed that thc reporting rate was greatly less than
the incidence; assuming one in one hundred-reported, sponsor
suggests that a fatrer incidence might be 0.22% of prescrlptions ‘
written. ‘

“NDA 20-545;1.25.12. | : i
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> Summary:

. This may have not been a very useful study because of an
uncertain population in the denominator; prescriptions written
differ from new prescriptions differ from patients or patient years.
Nonetheless results suggest that procatnamide admirﬂstratlon
rarely causes bone marrow suppression

XI. Conclusions o _ - e

Twenty-five years ago a plausible new preparation for an
" established drug would have, like sponsor's qid preparation, have
been approved on the basis of serum-assays. -

A changed‘regulatoxy climate and new knowledge about
antiarrythmics led the Division from 1987 on to request clinical
trial data to support claims of satisfactoxy procainamide activity

and side effect proﬁle

The sponsor and the Division reached agreement on an
appropriate parallel trial design. ~

“There should have been a straight-forward run to completion
and approval.

The sponsor's change to a crossover design weakens the
data. Because of the possible residual effect following crossover,
-~ fully half of rhythm data is suspect.

Even the patient numbers that sponsor brings forward for -
primary analysis may not give the study sufficient power

. Furthermore the study was crippled in its effort to show
efficacy because much of its dosing range was sub-therapeutic. —

The overall shape of the data suggests the sponsor's
contention that what their bid preparation performs with the
efficacy and side-effect profile inherent to the drug.

XII. RECOMMENDATIONS - .




- From a clinical point of view, if one accepts that oral
procainamide still has a useful place in medical practice (by

-definition "life-threatening" arrhythmias cry out for treatment},

then the increased ease of compliance with a bid preparation make

its approval in the public interest. The clinical trial establishes
efficacy (although much less well than a parallel design with

adequate dosing could have done); both clinical and -—
pharmacological investigations establish safety. I therefore

.. recommend approval. —
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